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PREFACE. 



rPHE object of this work is to present in clear and concise 
language the knowledge of to-day concerning the Laws of 
Health and the effects of Narcotics and Stimulants, as far as 
possible in a work so elementary. Enough of Anatomy and 
Physiology has been introduced to enable the pupil to study 
intelligently the laws by which health may be preserved and 
disease prevented. It is specially designed to meet the require- 
ments of Grammar Schools, but is also adapted to those of a 
higher grade. 

A feature of the work is the relation of Stimulants and Nar- 
cotics to the Laws of Health, a subject which is now receiving 
a large share of public attention. Correct instruction upon this 
subject will, it is believed, tend to diminish the use of Stim- 
ulants and Narcotics, and all the bad consequences which 
80 frequently follow. 

Great care has been taken to use familiar language as far as 
practicable, but scientific terms not in common use are some- 
times necessarily introduced ; their meaning may be learned by 
referring to the Pronouncing Glossary at the end of the volume. 

The discussion of disputed points has been avoided because 
it would be manifestly inappropriate in a work of this char- 
acter. 
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^M CHAPTER I. 

The Framework of the Body. 

The Bones — Their Uses — Their Size and Shape — Their 
Structure and Composition — ^The Properties of Bone — 
The Skeleton — The Joints and Motion — The Spinal 
Column — The Repair of Bone — Changes in the Skeleton. 

1. The Bonet. — The human body is the house in which tho 
soul of man >lw(?lla during life. "When Ufe ends aiid tho soul 
takes its departure, its temporary home speedily falls to piecea ; 
some parts of it sooner, some later. As in a intmsion tliat has 
been allowed to go to decay, oi has been wasted by hrc, the 
frail portions perish, while the masonry, the walls and the stouter 
timbers remain, so in the untenanted body, its stronger, hanler 
parts, tho bojies, outlast the softer ones, — those by means of 
which we feel, breathe and move, 

2. The Uses of the Bones. — The bones supply the founda- 
tion, frame and rafters of the house in which we live. Tliey 
determine and preserve the general outline and size of tlic 
body. They give rigidity to the limbs, so that movements are 
possible, and also serve as a protection to tlie more delicate and 
important parts. 

The more delicate the organ, the more completely does 
Hature shield it. For example : the brain, whictv \a wift. \a. 
s enclosed au all sides by & evVenwi \«yK. «\\i«wi ", '''i^'*' 
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12 THE FRAMEWORK OF THE BOOT. 

eye, though it must l>e near the surface of the hody to command 
an extensive view, la sheltered from injury within a deep recesa 
of Iwne ; the lungs, requiring freedom of motion aa well as 
jffotection, are surrounded hy a mobUe " chest " composed partly 
of bone and partly of muscle. 

3. The Size and Shape of the Bones. — Nearly every 
scientific principle known in architecture was anticipated by 
the Divine hand which framed our boiliea long before human 
science begun to esist. The size and form of the bones vary 
greatly in different parts of the body. There are, however, but 
three general classes : the Iwiff bones, such as those of the 
limbs ; the shorl, as in the wrist ; and the J!af, like the shoulder- 
blade. The long bones are commonly round and hollow at their 
middle portion, as greater degree of strength is furnished by the 
same amount of material, if it is in the form of a tube, than if 
it is a solid pillar of the same length. 

4. The Structure of Bone. — Let us examine one of the 
long bones after it lias been sawed through lengthwise (Fig. 1.) 




We notice the hollow central cavity, containing an oily Bub- 
Btance, called the JiuttYow. We find that the outer suifitce is 
hard like ivory, and is pierced here and there with small opeo- 
ings for the admission of blood-vessels. The interior, especially 
at the ends, is comparetively light and porous, the slender fibres 
interlacing like luiwiature lattice-wort.. So lAuiA, although a 
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bone be as hard as stone pxtcmally, it is by no nicoua as 
heavy. If a thin section of bone be examined under tbo 
microscope, we discover that it is pierced by uumemus fine 
tubes {Fig. 2), about which layers of bone-substance are ar- 
ranged. By means of these tubular pas- ^_^^ , 

si^es the hlood-vessela, which nourish , 
the bones, run to anil £ro through their 
inner structure. 

5. The Composition of Bone. — j 
Bone is partly a mineral and partly an \ 
animal substance, united in the pro]Kir- 
tion of two parts of the former with oui" 
of the latter. Each of these Bubtttiinccs 
may be separated from the other for ex- 
amination. First, if we expose a hum.' . 
to the action of fire, the animal matter, I 
which is called geluline, is driven off, or 
"burned out." We now find that al- 
though the shape of the bone remains the same, that which is 
left is quite brittle and will not sustain weight oa before. 
Again, we may remove the mineral ingredient, wliich is a form 
of lime, by placing a second piece of bone in a dilute acid. 
The lime is thus dissolved away, leaving the shape the some. 
Tlie bone is now no longer stiff and hard, but is flexible; 
and if a long and thin bone, a rib for example, has been made 
use of in the experiment, it may be tied in a knot without 
breaking. In early life the bones contain more of the animal 
substance ; in old age, more of the mineral. Hence the bones 
of the young, although exposed to a great variety of accidents, 
do not break readily ; ami when broken unite rapidly. On the 
the other hand, tlie bones of old jieraons are decidedly brittle, 
and when broken, do not always unite well and quickly. 

6. ProfMrties of the Bones. — From these facts, made 
known to us by chemistry and the micmsco^, 'wa lea.TQ. \.Va!u 
the bones .ire not so simple ami uniiilcnslm^aafl!^^'w^.'»-Y^wiJS., ' 
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but are adapted with wonderful care and skill to all the pOT- 
posea they are designed to serve. They are strong, but not 
heavy ; hard, but not brittle ; somewhat elastic by reason of the 
gelatine, and yet soHd and firm by reason of the lime. Their 
exposed portions are so made as to be dense and reaisting, while 
the interior is more sponge-lite and well furnished with blood- 
vessels which nourish and cause them to live. 

7. The Skeleton. — The bones of the human body are about 
200 in number, each of wliicb is known to the anatomist by its 
appropriate name. A few of these names are marked upon the 
accompanying engraving (Fig. 3.) All these bones when united 
together in their natural relations form the Skdduii, Tlie 
greater number of the bones are arranged in pairs, one of each 
kind on each side of the frame. The skeletons contain three 
important cavities. 

The first of these surmounting the frame, is a box of bone, 
called the ghdl ; below this, is a hooped case, or "chest;" and 
lower down is a hony basin, called the pelvis. The two latter 
compose the "trunk." The trunk and skull are maintained in 
their proper relations by the " spinal column." Branching from 
the trunk are two sets of limbs : the arms, which are attached 
to the cheat by means of the "collar-bone" and "shoulder- 
blade;" and the legs, directly joined to the lower part of the 
trunk. 

8. These three cavities are designed for the lodgment and 
protection of the more delicate and perishable parts of the sys- 
tem. Thus, the skull together with the bones of the face, 
shelter the brain and the organs of four senses — sight, hearing, 
smell, and taste. The chest contains the heart, lungs, and great 
blood-vessels, while the lower part of the trunk' holds and 
shields a variety of organs, chiefly those concerned in nourishing 
the body. 

9. The Joints. — The point of union of two or more bones 
forms a joint, or articidation, the connection being made in 

rarious ways according to the kind anA amoMaV. oS mo\.\a\i ds- 
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16 THE KBAMEWOKK OF THE BODY. 

dreil. Tlio movable joints aro conncctod by strong fibroua 
bands, called ligaments. These UgEiuents are of a silvery 
whiteness, and very unyielding ; so much so, that the bone to 
which a ligament is attached may be broken, while the ligament 
itself remains uninjured. When this connecting material of 
the joints is strained or lacerated by an accident, a " sprain " is 
the consequence. An injury of this sort frequently is quite as 
serious aa the breaking of a bone, 

10. Motion in the Joints. — The ligaments then make the 
joints firm and strong. How are they rendered flexible and 
easy of motion 1 In the firet place, the bones are made some- 
what broad and flat at the ends, and are so formed that one will 
fit into the other. In the next place, these fitted surfaces are 




I covered with a thin layer oi " cartilage," an elastic and exceed- 
ingly smooth material, which not only enables thera to move 
easily over each other, hut also serves, like the springs of a 
carriage, to deaden the force of jolts and jam A third provi- 
»co for smooth motion is the introductiow btlvjeea tKe cuds of 
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bones of a thin mf, contaming a Buid resembling tlie wliitti 
of egg. This fluid serves the snme cud in the jointa, as the 
oil that is used on the wheels of a cAiriage ; it iliniiniBhos wear 
and noise and friction. But it is self-supplied, iind flows only 
so fost as it is used up by the motions of the joint. {Rood 
note, end of chapter.) 

11. The Spinal Column.— The spinal column 
is commonly called the "back-boDo," as if it 
were a single bone, whereas it really consiata of 
a chain of 26 small bones, named i-ertebrce. It 
is channeled out for the reception of thu spinal 
cord. (Fig. 5.) 

12. The joints of the vcrtebne are remark- 
able for the thick layers of cartilage which 
separate the adjacent surfaces of bone. The 
amount of motion between any two of these 
bonea is not great ; but these little movements, 
taken together, admit of very considerable 
flexibility in several directions. The abundant 
supply of these cartilages atlds greatly to the 
elasticity of the frame. It is due, in part to 
this elastic material, and in part to the frequent 
curves of the spine, that the brain and other 
delicate organs are not more frequently injured 
by the shock of sudden falls or misstejis. Dur- 
ing the day, the constant pressure upon these 
joints, while the body is erect, diminishes the 
thickness of the cartilages ; so that a person is 
not so tall in the evening as in the morning. 
The effects of this compression pass away when 
the body is in a reclining posture. 

13. The Growth of Bone.— The bones, like 
all other parts of the boily, are constantly s,',^°"i,^', 
undergoing change, worn ouf material being 
withdniwn to make room for & IreaAi Bii'p\\^. T\\ns 



w 

i 



18 THE PBAHEWORE OP THE BODY. 



shown courJusively by experiment li an animal 
be fed witli madder — a red coloring matter — for a day or two 
the bones eoon become tinged ; then, if the madder lie discon- 
tinued for a few days, the origimd color retuma. If, however, 
ttu3 material be alternately given and withheld at short inter- 
vals, the bone will be marked by alternate rings of red and 
white. In a very young animal, all the bonea become ted in a 
single day ; in old ones, a longer time is necessary. The pro- 
cess of waste and repair in the liard bones, therefore, is con- 
stantly taking place and with aslonishing rapidity. 

14. The Repair of Bone. — Nature's provision for uniting 
broken bonea is very complete. At first, blood is poured out 
around the ends of the bone, as a result of the injury. This ia 
gradually absorbed and gives place to a watery fluid, which, 
thickening from day to day, acfjuires at the end of two weeks 
the consistency of jelly. This continues to harden by the 
deposit of new bone-substance until, at tlie end of five or six 
weeka, the broken bone may be said to be united- It ia, how- 
ever, still fragile, and must be need carefully a few weeks 
longer, but months pass before the union can be said to be com- 
plete. When firmly imited, the bone is very strong, and if 
another accident happens to it, it is quite as liable to break in 
some new place as at the point of union. 

15. Changes in the Skeleton. — Man does not reach bis full 
height until he is about twenty-five yeans old ; and even after 
that age, the bones continue to increase in strength and hard- 
ness. Before that age, they are comparatively soft and flexible, 
by reason of the gelatin they contain. This is especially true in 
childhood ; and it ia fortunate that it is bo, since that condition 
is much more favorable to the steady and rapid growth of the 
bonea tlian if they contained more of the lime, as is the case in 
old ago when there is no occasion for change in the size or 
shape of the skeleton. The skull, however, ia said to increase 
slightly in size even in advanced life in those persons in whom 
Jiie hntin ia cojitiuimUy employed in thought or study. How- 
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ever, this very flexibility of the bones, in early life, which favors 
their steady growth and prevents their breaking easily, is some- 
times the source of serious deformity. A young child may be 
allowed to stand and walk too early, and as a consequence, the 
lower limbs become permanently bent inward, in the distortion 
called "knock-knees," or outward, as in "bow-legs." For the 
same reason, a bent position of the spinal column, permitted to 
exist habitually in childhood, may result in a life-long de- 
formity. 

16. The Erect Posture. — Youth is, in a great measure, the 
forming as well as the growing period of the frame. Bad habits 
of posture, early formed, become fixed in later life, and their 
results — as seen in contracted chests and round shoulders — are 
with difficulty remedied. Right habits, on the other hand, 
tend to produce an erectness of posture which is favorable, not 
alone to strength and health, but also to grace and ease. The 
following directions should be learned and practiced : hold the 
head erect with the chin somewhat near the neck ; expand the 
chest in front ; throw the shoulders back, keeping them of the 
same height on both sides ; maintain the natural curves of the 
spine, as shown in the last figure. Man alone, of all the ani- 
mals, has the power to stand and move in the erect posture. 

NOTE. 
How Joints may be Injured (p. 16, f 10).-" All the joints are liable to dis- 
location—that is, being *put out* of their place. Owing to the shallowness of the 
cavity at the shoulder, this joint is frequently dislocated ; and this sometimes happens 
with the thigh, bnt not so often, as the cup in which the femur moves is much deeper. 
Joints which have been dislocated should at once be * set ;* but now that you have seen 
how liable you are to accident, I hope you will be careftil not to indulge in too violent 
or rough exeroise, by which you might not only dislocate the joints, and so in time 
weaken them, but might also break the bones, and perhaps become crippled for life. 
Many chUdren have the habit of pulling their fingers so as to make them ' crack.' This 
is exceedingly wrong, for it is to a certain extent pulling the joints out of their sockets, 
and this may so loosen the parts as to cause permanent injury."-DAViD60N'8 "Cue 
Bodies.** 
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22 THE FRAMEWORK OF THE BODY. 

QUESTIONS FOR TOPICAL REVIEW. 

PAGE 

1. What useful purposes do the bones serve? 11, 12 

2. What can you say of the size and shape of the bones? 12 

3. State what you can of the structure of the bones 12 

4. State what you can of the composition of the bones 13 

5. Of the usefulness of mineral substance in the bones 13, 14 

6. Of the usefulness of animal substance in the bones 13, 14 

7. Of the strength belonging to the bones 13 

8. How many bones in the human body? 14 

9. What is meant by the human skeleton? 14 

10. Give a description of its construction 15 

11. Name the important cavities in a skeleton 14 

12. How are the trunk and skull kept in position ? ; 14 

13. Name the limbs 14 

14. What is meant by a Joint in the human fhime ? 15 

15. State what you can of the movable joints 16 

16. What office is performed by the ligaments of the joints ? 16 

17. What by the cartilage at the joints? 17 

18. Describe the construction of the spinal column 17 

19. What properties and powers does the spinal column possess ? 17 

20. When is a person taller than at other times? 17 

21. Give the reason for this 17 

22. Describe the process by which a broken bone is reiMiired 18 

23. At what age does man reach his height?. 18 

24. Why is deformity more liable to occur in the young than after maturity?. . . 19 

25. What causes *' knock-knees " and " bow-legs ?" 19 

26. What is said of posture ? and what is the correct position ? 19 

NOTE. 

Some Properties of Bone.— The power of bone to resist decay is remarkable. 
Fossil bones deposited in the ground long before the appearance of man upon the earth 
have been found by Cuvier exhibiting a considerable portion of cartilage. The jaw of 
the Cambridge mastodon contained over forty per cent, of animal matter— enough td 
make a good glue— and others about the same. From this we see that a nutritious 
soup might be made from the bones of animals that lived before the creation of man. 
The teeth resemble bone in their structure, but resist decay longer ; they are brought 
up by deep-sea dredging, when all other parts of the animal have wasted away. The 
bones diflFer at diflFerent ages, and under different social conditions. In the disease 
called "rickets," quite common among the ill-fed children of the poor in Europe, but 
somewhat rare in America, there is an inadequate deposit of the mineral substance, 
rendering the bones so flexible that they may be bent almost like wax. In females and 
weak men the bones are light and thin, while in a powerftil trame they are dense and 
heavy. Exercise is as necessary to the strength of bone as to the strength of muscle ; 
if a limb be disused, from paralysis or long sickness, the bones lose in weight and 
strength as well as the soft parts. Bone is said to be twice as strong as oak, and, to 
crash a cubic inch of it, a pressure equal to 5,000 pounds is requisite. 




Movements of the Body — The Muscles — Flexion and Exten- 
sion — The Tendons — Contraction — Physical Strength — 
Relative Strength of Animals — Physical Culture — Neces- 
sity fof Exercise — Its Effects — Forms of Exercise — Exces- 
sive Exercise — Walking — Riding — Gymnastics — Open-air 
Exercise — Sleep — Recreation 

1. Movements of the Body. — We have seen that, in some 
respects, the human body reseinblea a house buiit for the soul 
to dwell ill. But, inHsmucli as its walls are flexible aiiil ita 
foundation is movable, it is something more than a hnnse ; in 
some respects, it muy Iw likened to a maohiua The body haa 
the power of motion, as when we swing the ami ; it is also 
capable of li>comotion, as when wo walk or run from one place 
to another. The machinery which effects these and many other 
movements is the muacles. Tlie word muscle means " a little 
mouse," and is supposed to refer to the peculiar sensation pro- 
duced, aa of a small moving body, when a muscle is felt in 
action ; for example, grasp the upper portion of the arm while 
the elbow-joint is caused to move to and fro. The burrowing 
motion then felt in the front of the arm is caused by the action 
of the " biceps " muscle (Fig. 6). This is the muscle which, 
in the arm of the blacksmith, becomes so large and powerfid. 

2. The Muscles, op the Flesh. — The muscles, neaily four 
hundred in number, form the great hulk of the body external 
to the skeleton. They largely ileteriuine ita weight and outline. 
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THE MUSCLES. 



mpla, thosG that move the trft, 



upon the softer parts ; 
eyelids aud lips. 

3. The Tendons. — Tendons, or sinews, are the extremities 
of muacles, and are firmly fastened upon the bones. They are 
very strong, and of a silvery whiteuess. They may be felt jiiat 
beneath the skin, when the muscles are being used, as at the 
heud of the elbow or knee. The laigest tendun of the body 
is that whidi is inserted into the heel, called the tendon of 
Achilles, after the hero of the Grecian poet, the fable relating 
that it was at this point that he received bis death-wound, no 
other part of his body being vulnerable. 

4. Structure of the Muscles. — The muscles are composed 
of a soft substance, of a deep red color, which closely resembles 
the lean meat of beef. Under the microscope, we observe that it 

is composed of layers 
and bundles of small 
fibres. And these me, 
in turn, made up of 
atill finer fibres, called 
J}Jt<71is (Fig. 8). The 
fibres are beautifully 
marked by regular eroBS 
lines, ^}r stripes, about 
ten thouwuid to an 
inch. These circular 
markings are always 

present in the voluntary muscles, and hence they are known 

as the " striped " muscles. 

5. Voluntary and Involuntary Muscles. — The musdes are 
divided into two classes, the voluntary and the involuntary. In 
the first class are those which are used only when we wish or 
will to use them — as the muscles of the hand or arm. The 
second includes those which are not under the control of the 
mind. The heart is a muscle of the involuntary variety. We 
cannot change its action by an effort of tlie wilL During pro- 
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lound sleep, when the will ia entirely nt rest, Uio huort w>n- 
tinues to boat without cessation. The musclos coni:i<rn(il in 
breathing are partially under our control, but they arg uhiotly 
involuntary, anil, therefore, continue to act while the mind is 
at rest or is fully occupied in work or play, 

6. Muscular Contraotion. — Whenever ft muscle is taused to 
act it undet^oes cmtrciction, or a change of fonn by which its 
two ends are brought more nearly together. The raiHing of the 
onn, the bending of the finger and most of the ordinary move- 
ments of the limbs are effected by the will ; but the will is not 
the only mean!) of producing muscular action. Electricity, or a 
sharp blow over a muscle will also produce it. 

7- Contraction is not the permanent state of a muacle. It 
cannot long remain contracted, but after a shorter or longer 
time, it wearies and is obliged to relax. After a short rest it 
con then again contract For this reason, it is more fatiguing 
to stand for any great length of time in one position, tlian to !« 
walking. 

8. Relative Strength of Animals-— The amount of muscular 
power which different animals possess has been tested by ex- 
periment It is found that man is i\ble to drag a little leas 
than his own weight. A dmught-horso con exert a force equal 
to about two-thirds of hia weight The horse, therefore, though 
vastly heavier than man, is relatively not so powerful. Insects 
are remarkable for their power of tarrying objects larger and 
heavier tlion themselves. Many of them can drag ten, luul 
even twenty times their weight. Some of the beetles have 
been known to move bodies more than forty times their own 
weight. 

9. Physical Strength- — The difference in strength, as seen in 
different individuals, is not due to any original difference in 
their muscles. Nature gives essentially the same kind and 
amount of muscles to every healthy person, and the power of 
one, or the weakneaa of another, arises, in great part, from tlus 
manner in whicli these organs are n«t:i\ ov iwiiBcA. 
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10- Importsnoe and Effects of Exercise. — Action is the 

law of the living IxtJy. Every oi^'au demanilB use to pre- 
serve it in full vigor, ami to obtain from it its best services. 
Exercise consists in a well-regulated use of the voluntary 
musclea, hut its effects arc not limitei] to the parts used. Other 
organs are indirectly influenced by it. The heart beats more 
rapidly, the skin acts more freely, the brain is invigorated, and 
the appetite and power of digestion are increased. 

11. The first effects of exercise, however, are upon the muscles 
themselves. If we esamine a muscle thus improved by exer* 
cise, we find that its fibres have become larger and more closely 
blended together, that its color is of a darker red, and that the 
supply of blood-vessels has increased. Without exercise the 
muscle appears thin, flabby, and pale. On the other hand, 
excessive exercise, without sufficient relaxation, causes a similar 
condition. The muscle then becomes flabby and weak, because 
it is worn out more rapidly than nature builds it up. 

12. Violent exercise is not beneficial, as strength is the 
result of a gradual growth. To gain the most beneficial results, 
the exercise should be at regular hours and diiring a regular 
period, the activity and the time varying with the strength of 
the individual and measured by it. 

13. Different Modes of Exercise- — There are very few who 
have not the jwwer to walk. There is required for it no ex- 
pensive apparatus, nor does it demand a period of preliminary 
training. Walking map be called the unimrgal exerdm. With 
certain foreign nations, the English especially, it ia a very 
popular exercise, and is practised habituaDy by almost eveiy 
class of society. Eunning, leaping, and other loore rapid and 
violent movements, are the forms of exercise that are most 
enjoyed in childhood. For the child, they are not too severe, 
but they may 1>e so prolonged as to become injurious. Instances 
have been recorded where sudden death has resulted after 
violent playing, from overtaxing the he^rt : for example, we 

have tJw catie oS a young girl who, while skijUJing the rope, and 
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i^BV^Sg to excel her iilaymates by jumping the groatcMt 
aiimlH.'r of times, fell deiul from rupture of the heart. 

14. Carriage-riding is partiuulurly well suited to invalids, and 
to peraons advanced in life. Honwhuck exercise brings into iib« u 
^Teater number of muscles than any other one cxeivise, and 
with it tliere ia an exhilaration of feeling which refrealiea the 
mind at the same time. That form of exercise which interests 
and diverts the mind will yield Uie beat results ; and as many seta 
of muscles should he employed as poaeihlp, ojwn-air exercise be- 
ing the best. So in-door esei'dse, however excellent in iteelf, 
can fill the place of liearty and vigorous activity in the ojwn 

15. Excessive Exercise. — If n^lect of exercise is injurious, 
an also ia the exei^sa of it. Violent exerlions do liurm ; lliey 
often cause midue strain, and even lasting injury to some part 
of the Ixidy. For this reason the spirit of rivalry which leads 
to testa of endurance and feats of strength should be discomuged. 
Those trials of the muscles, especially, which are supposml to 
demand " training " should not bo encouraged. Training, it is 
trae, can produce a remarkable muscular development, so tliat 
nearly every muscle of the limbs is as large and cordeil as the 
arm of a blacksmith, hut it ia too often at the expense of some 
internal, vital organ. Large mosclea are not a certain index of 
good health. It was well known by the ancients tliat athletes 
of their day were siiort-lived, notwithstanding the perfection of 
the physical training then employed. When a person over- 
taaka the heart, or, in other words, "gets out of breath," he 
should regard it as a signal to take rest It is well known that 
IwtU horses and men, after having been brought into " condi- 
tion" for competitive trials, soon lose the advantages of their 
training after the occasion for it has passed. 

16. Rest — We cannot always be active ; after labor we must 
^^st. We obtain tliis rust partly by suspending all exertion, as 
in sleep, and partly by change of employment. It is said that 
Alfred the Great recommended that eaiAi Aa.^ 9\\«i^-Ji'W. Sviv*;^ 
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in tli« following manner : " Eiglit hours for work, eight hours 
for recreation, and. eight hours for sleep." This division of 
time is as good as any that could now be made, if it be borne 
in mind that, when the work is physical, the time of recreation 
should be devoted to the improvement of the mind ; and when 
mental, we should then recreate by means of physical exercise. 
17- During sleep, all voluntary activity ceases, the rapidity of 
the circulation and breathing diiiiinislies, and the temperature 
of the body falls one or two degrees. In consequence, the 
body needs warmer coverings than during the hours of wakeful- 
ness. During sleep, the body seems wholly at rest, and the 
mind is also inactive, if we except those involuntary mental 
wanderings which wo call dreams. Nevertheleaa it is not an 
idle period. NutriUon, or the nourishing of the body, now 
takes place. While the body is in action, the process of pulling 
down predominates ; but in sleep, that of building up is more 
active. If sleep is insufficient, the effects are seen in the lassi- 
tude and weakness which follow. 

18. All persons do not require the same amount of sleep, bnt 
most men need from seven to nine hours. Frederick the 
Great required only five hours of sleep daily, and Bonaparte 
could pass days with only a few hours of rest. But this long- 
continued absence of sleep is sttende^l with danger. After lose 
of sleep for a long peiiod, in some instances, stupor has come 
on so profoundly, that there has been no awaking. 

19. Tliere are instances related of sailors falling asleep on the 
gun-deck of their ships while in action. On the retreat from 
Moscow, the French soldiers would fall asleep on the march, 
and could only be aroused by the cry, "The Cossacks are 
coming!" Tortured persons are said to have slept upon the 
rack in the intervals of their torture. In early life, while 
engaged in a laborious country practice, the writer not infre- 
quently slept soundly on horseback. These instances, and 
others, show the imperative demand which nature makes for 
msi jj2 sleep. 



TABLE OF THE PRINCIPAL MUSCLES. 



Tl&e Head. 



Oc-dp'i-to— £ron-ta'lis« moves the scalp and eyebrows. 
Or-bic-u-la'riB pal'pe-brae, closes the eye. 
Iie-va'tor pal'pe-brae, opens the eye. 
Tlie Hecti. muscles (4 in number), move the eye-ball. 

SSuB^t^' } ^^ *^® ^°^®' ^^'^' 

The Neck. 

Sca^'le^ni muscles move the neck from side to side. 

The Trunk. 

Peo-to-ralis* moves the arm forwards. 

lia^tis'si-iiias dor's!} moves the arm backwards. 

Tra-pe'zi-us, ) 

Ser-ra'tUB m&g'iiVLBt Vmove shoulder-blade. 

Shom-boi de'us ) 

In-ter-coB'tals, move the ribs in respiration. 

Erec'tor spi'nsB, move the trunk backwards. 

The Upper Limb, 

Dertoid, raises the arm. 
Te'res ma'Jor, lowers the arm. 
SubHMap-u-la'ri8, { „^_x- x,, . ___ 

Broeps, bends forearm. 
Tri'oeiw, straightens forearm. 

Flez^or car^pi ra-di-a'lis, \ 

Exten'sor cikr-5i"S£S5iais, r"*°^® ^^ ^''^' 

ul-na'rlfl ) 
More than 30 muscles take part in moving the fingers. 

The Itfovrer I«linb* 

n-i'a-cus, \ 

Pec^toS^!^^' [move the thigh forwards. 
Ad-duc/tor, ' ) 

PyrwiSton'is, H°^® *^® *^*8^ backwards. 

Sar-to'rL-us (from Saratov, a tailor), crosses one thigh over the other. 

?Ss^', } ™®^® *^® ^®8 forwards. 

Orac^Sifl }"^ove the leg backwards. 
Tib-l-alls, \ 

PeF-o-ne'us» f _ ^v ^ i. 

Oas-troo-nS'mi.Tis. f "'"^^ *^« ^^*- 
So-le^u, j 

Twenty muscles take part in nio\m^\2kiQ\MSU 
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QUESTIONS FOR TOPICAL REVIEW. 

PAGE 

1. State what you can of the movements of the Ixxly 23 

2. What can you state of the number and division of the muscles ?. 23 

8. What is the office of the muscles? 23 

4. Describe the structure of the muscles 24 

5. Which is the largest tendon in the body ? 24 

6. What is tlie difference between voluntary and involuntary muscles ? 24 

7. Illustrate the difference between the two 24, 25 

8. State all you can of the tendons or sinews 26 

9. What is meant by contraction of the muscles ? 25 

10. In how many and what ways may contraction be effected ?. 25 

11. Why cannot a muscle in life continue contracted for a long time ?. 25 

12. How does the strength of a man com|)are Mritli that of a horse ? 25 

13. What can you state in relation to the relative strength of animals ? 25 

14. What, in relation to physical strength ? , 25 

15. What, in relation to the imi)ortance of exercise ? 26 

16. What is the effect of exercise upon the heart, skin, and appetite ? 26 

17. How does exercise affect the current of the body's circulation ? 26 

18. How does judicious exercise affect the muscles? 26 

19. What is stated of violent and spasmodic exercise ? '. 26 

20. Ofthe exercise of walking? 26 

21. Of running, leaping, and other modes of exercise?. 26 

22. Of the importance of rest from labor or exercise ? 27 

23. What is the effect of excessivis exercise ?. 27 

24. What commonly follows training? 27 

25. What processes take place during sleep ?. 28 

26. What effects follow insufficient sleep? 28 

27. How many nmscles in the head ? 29 

28. How many in the neck ?. 29 

29. How many in the trunk? 29 

30. How many nmscles take part in moving the fingers"? 29 

31. How many in moving the toes? . 29 

NOTE. 

The 111 Effects of Over-exertion.—" It should be recollected that the action 
of the muscles has limits, as well as that of every other organ of the body. The 
muscles and the heart may be taxed too severely, and permanent derangements may be 
produced by overtaxing the human borly. The ancient gymnasts among the Greeks are 
said to have become prematurely old, and the clowns (or acrobats) and athletes of our 
own days suffer from the severe strain put upon their muscular systems." The effects 
of boat-racing in England have been thus described by Mr. Skey, an eminent surgeon : 
" The men look utterly exhausted. Their white and sunken features and pallid lips 
show serious (;ongestion of the heart and lungs, and the air of weakness and iMsitUde 
makes it a marvel how such great exertion should have been so nobly undergone. We 
Iiave repeatedly seen the after ill-effects— spitting of blood, congested lungs, and weak- 
ness ofthe heart from over-distension." ** Persons should neither walk, ran, leap, or 
play at any game, to the extent of producing pennanent or painful exhaustion. All 
exercise should Ije attended with pleasurable feelings ; and when pain is produced by 
proper exercise, those who suffer should rather seek medical advice than persevere in 
fXi'rrisc."— Lawfcester'jj Manual of Health. 



CHAPTER III. 
The Intbgumbnt, or Skin. 

The Skin — Its Structure — Its Changes or Growth — The Nails 
and Hair — ^The Complexion — ^The Sebaceous Glands — 
The Perspiratory Glands — Perspiration and its Uses — 
Importance of Bathing — Different kinds of Baths — Man- 
ner of Bathing — The Benefits of the Sun — Importance 
of Warm Clothing — Poisonous Cosmetics. 

1. The Skin. — The skin is the outer covering of the Ixxiy. 
The parts directly beneath it are very sensitive, and without its 
protection life would be an agony, as is shown whenever by 
accident the skin is broken or tiOm off, the bared surface being 
very tender and sensitive even to exi)osure to the air. 

2. The Structure of the Skin. --When examined closely, 
the skin is found to be made up of two layers — the outer and 
the inner. The inner one is called the cidis, or true skin ; the 
outer one is the epidermis^ or scarf-skin. The latter is also 
known as the cuticle. These two layers are closely united, but 
they may be separated from each other. This separation takes 
place whenever, from a bum, or other cause, a blister is formed ; 
a watery fluid is poured out between the two layers, and lifts 
the epidermis from the true skin. 

3. The Scarf- Skin. — Of the two layers, the outer is the 
thinner one, and has the appearance of a whitish membrane. 
It is tough and elastic ; it has no feeling and does not bleed 
when cut. On the palm of the hand, where the scarf-skin is 
especially thick, a needle may be run in and out of it without 
causing pain or drawing blood. If it \>^ TL\a^\^^^\^»^^^^5fe 
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found to be composed of numberless flat cells, or scales, arranged 
layer upon layer. Its thickness varies in different parts of 
the body. Where exposed to use, it is thick and horn-like, 
as may be seen on the soles of the feet, or on the palms of the 
hands of those who are accustomed to perform much manual 
labor. 

4. The CutiSi or True Skin. — This layer lies beneath the 
scarf-skin. It is firm, elastic, very sensitive, and is freely sup- 
plied with blood-vessels. Hence a needle entering it not only 
produces pain, but draws blood. It is closely connected with 
the tissues below it, but may be separated by means of a sharp 
instrument. The surface of the cutis iff not smooth, but is 
covered here and there with minute elevations, called papillcB. 
These are arranged in rows, or ridges, such as those which can 
be seen plainly in the palm and thumb ; their number is about 
80 to the square line (a line being one-twelfth of an inch). 
These papillce contain blood-vessels and nerves, and are largely 
concerned in the sense of touch ; hence they are abundant where 
the touch is most delicate, as at the ends of the fingers. 

5. Changes in the Skin. — Like all other parts of the body, 
the scarf-skin is constantly being worn out ; it dries, shrivels 
and falls from the body in the form of fine flakes, or scales. In 
the scalp, these scales form the " dandruff*." As fast as it wears 
away, it is renewed from beneath. This seemingly simple pro- 
cess is very important, for by it a uniform thickness is secured 
to the covering of the body. If it were otherwise, this covering 
would grow thicker as it grew older, like the bark of a tree, 
imtil it became unwieldly ; it would prevent perspiration also, 
and this, as we shall see, would be fatal to life. The growth of 
the true skin is provided for in the blood vessels which abound 
in it. 

6. The Nails. — These are appendages of the skin. The nail 
grows from a fold of the cuticle at the root, and from the under 
surface. The rapidity of its growth can be ascertained by filing 

a slight groove on its surface, and noticing Yio^ tVia «»i^qaiq be- 
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tween it awl the root of the nail inrreiises, in the course of a 

few weeks. When the nail is removed by any accident, it will 
be replacud by a new one, if the root bo not injured. The 
practice of biting the nails should be avoided, not only because 
of the ugly shape which w prrxluced, but because it impiiits the 
sense of touch in the ends of the lingers. The nail serves as tt 
protection to the end of the finger, and also enublea uh to gra«p 
more (irmly, and to pick up small objects. 

7. The Hair.— The hair is 
produced in a simikr manner, 
the skin forming depressions, 
or hair sacH, from the bottom 
of which they grow an<l are 
nouiisbed (Fig. 7). The bulb, 
or root, from which the buir Ojg 
arises, is lodged in a small , 
pouch, or depression in the 
akin. The shaft is the part 
which grows out beyond the 
level of the skiiL Ita growth 
is altogether in one direction, 
in length alona 

8. The outer part of the^ ^ ^°t: 
hair is quite firm, while its ' imf 
interior is softer, and sup- '' '''' 
pliea the nutriment by which it grows. The hair ia a protec- 
tion to the parts it covers. On the head, it shields the brain 
from extremes nf heat and cold, and moderates the force of 
blows upon thy scalp. On the body it is useful in affording a 
more extensive surface for carrying off the perspiration. 

9. The Complexion. — In the deeper cells of the scarf-skin 
lies a pigment, or coloring matter, consisting of minute colored 
grains. t)n this pigment wmptovVm depends ; and its presence, 
in less or greater amount, occasions the diffeToune lA Viaft '&>»& 
exists between the light and the dark racts ol -c 
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the blonde and brunette of the wliitn races. Frectles us dUB I 
to an in'ef,nilai' increase of culoring matter. 
10. Th« Sebaceous Glands,— In all parte of the surface 
where thu hairs grow am to bo found the tebaeeous, or oil-pro- 
ducing, gliinds. These glands are little rounded sacs, or pom-hes, 
usually connected with the hair-bulbs ; and upon these bulbs 
they empty their product of oil, which acts as a natural dressing 
for the hair (i, Fig. 7). A portion of the Behaceous matter passes 
out upon the surface, and prevents the cuticle from becoming 
dry and hard. It also sheathes the skin from the irritation by 
the acrid properties of the j>erepiration. The glands situated 
upon the face and forehead, opeu directly upon the skin. In 
^H these, the sebaceous matter is liable to collect, and become too 
^^H hard to flow off naturally. The mouths of these glands, 
^^P around the nose and on the forehead of young people, frequently 
appear as Muiall black points, which are incorrectly called 

11. The Perspiratory Glands. — Thechief product of the skin's 
action is the perspiration. For the formation of this, there are 
furnished countless numbers of little sweat^lands in the true 
skin. They consist of tine tubes which measure about one- 
tenth of an inch in length. In diameter, they are about one 
three-hundredth of an inch, and upon parts of the body there 
are not far from three thousand of these glands to the square 
inch. Their whole number in the body is, therefore, very 
great ; and it is computed if they were all united, end to end, 
their combined measurement would exceed three miles. 

12. The Sensible and Insensible Perspiration, — The pons 
of the skin are constantly exhaling a watery fluid; but, 
under onliriary circumstances, there is no moisture apparent 
upon the surface, for it passes off in the form of vapor as rapidly 
as it is formed. This is called insensible perspiration. Under 
the influence of heat or exercise, however, this fluid is foimed 
more abundantly and appears on the surface in minute, coIof- 

7esB divps. It is then termed- sensible Y*^r8Vi'^''tion. Water ^ 
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ief part of this fluid. The averagn daily amount iwnpiii}; 
from the body by perxpiration in tho Hilult, is not fur from 

two pints, or more than nine grains rach luiiuite. 

13. The (Jsea of the Perspiration. — Besides lilieratin^ fium 
the blow! this iargo amount of water, with the worn-out matter 
it contains, jmrKpiration regidatiis the tenipemture of the body. 
As evaporation always diminishes temperature, so p^re^piration 
as it passes off in the form of fine vapor cools the surface. In 
hot weather this function is much more active, and the cooling 
influence increases in proportion. 

14. The importance of perspiration is shown by the ofTecta 
that often follow its temporary interruption, namely, headache, 
fever, and the other symptoma that accompany " taking cold," 
When its flow is stopped for a considerable time, the conse- 
quences are very serious. Experiments have been performed 
upon certain smaller animals, as rabbits, to ascertain the results 
of dosing the pores of the skin. When they are covered by a 
coating of varnish impervious to water and gaseg, death ensues 
in from sis to twelve hours ; the attendant symptoms resem- 
bling those of suffocation. 

15. The Importance of Bathing.— From these considera- 
tions, it is evident tliat health must greatly depend upon keep- 
ing the skin clean. " He who keeps the skin ruddy and soft, 
shuts many gates against disease." For as the watery portion 
of the perspiration evaporates, the solid matter is left behind, 
There, also, remain the scales o£ the dead scarf-skin and the 
excess of sebaceous matter. The healthful action of the skin 
requires that these impurities be removed by the frequent appli- 
cation of water. 

16. In warm climates and during hot weather, bathing is 
especially necessary. For a person in good health, a daily cold 
bath is advisable. To this should be added occasionally a tepid 
bath, with soap, water alone not being sufficient to remove im- 

ities of a greasy nature like the sebaceous matter. 

maxim hy the cliema^, \Jui\i\^, ^a 'Cflit fc'&ei*. 
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that the civiliEation of a iiatii>n h lu<;h in pnipnrtion to the 
amount of soap tliat it consumes ; and that it is low in propot- 
tiou to its use of perfumes. In some de^'ree, we may apply the 
same test to the reHnenietit of an individual. The soap removes 
impurity ; the perfume covers, while retaining it. 

18. The different kinds of Baths. — All perBons are not 
alike able to use the cold batk When the health is vigorous, a 
prompt reaction and glow upon the surface will show that it is 
beneficial. Where this pleasurable feeling is not experienced, 
hut rather a chill and sense uf weakness follows, we are warned 
that the systeiii will not emhire cold bathing. 

19. It should also be borne in mind, that the warm or hot 
bath cannot be continued so long, or repeated so frequently as 
the cold, on account of the weakening effect of unusual heat ao 
applied to the body. For persons who are not in robust health, 
one warm bath each week is sufficient. Sea-bathing is even 
more invigorating than fresh-water bathing. Those who cannot 
endure the fresh water, are often benefited by the salt-water 
baths. 

20. Time and Manner of Bathing. — A person in sound 
health may take a batli at almost any time, except directly after 
a full meal. The most appropriate time is about three hours 
after a meal, the noon-honr being probably the best. For the 
cold bath, taken rapidly, no time is better than immediately 
after rising. Those beginning the use of cold baths should first 
try them at 70° Fabr., and gradually use those of a lower tem- 
perature. From five to twenty minutes may be considered the 
proper limit of time to remain in a bath - but a Bensation of 
chilliness is a signal to withdraw instantly, whether at home, or 
at the sea-side. Two sea-baths may be taken daily; one of any 
other kind is sufficient. 

21- The body should be warm, rather than cold, when step- 
ping into the bath ; and after it, the skin should be thoroughly 
dried with a coarse towel. It is best to continue friction until 
there is a sensation of warmth or "glow" throughout the entdre 
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surface. This reaction is the test of the good effects of the 
bath. If reaction is still incomplete, a short walk may be 
taken, especially in the sunshine. 

22. Bathing among the Anoientt.— The Romans and other 

nations of antiquity made great use of the vapor-bath as a 
means of preserving the health, but more particularly as a 
luxury. The ThermsB, as the baths of Rome were calh^l, were 
of great extent, built very substantially, and ornamented at vast 
expense. They were practically free to all, the cost of a bath 
having been less than a cent. It is related that some persona 
bathed seven timies a day. After the bath their bodies wore 
anointed with perfumed oil. If the weather was fine, they 
passed directly from the Thermae into the gymnasium and 
engaged in some gentle exercise previous to taking the midday 
meal. Swimming was a favorite exercise, and a knowledge of 
it was regarded as necessary to every educated roan. Their 
common expression, when speaking of an ignorant person, was, 
" He can neither read nor swim." 

23. The Sun- Bath. — Some also were accustomed daily to 
anoint themselves, and lie or walk in apartments arranged for 
the purpose, with naked bodies exposed to the direct rays of the 
sun. We may judge somewhat of the benefits of the sun, by 
observing the unnatural and undeveloped condition of plants 
and animals which are deprived of light. Plants become 
blanched and tender ; the fish of subterrannean lakes, wliere the 
light of day does not enter, are undersized, and have no eyes ; 
men growing up in mines are sallow, pale, and deformed. 

24. Clothing. — More harm arises from using too little cloth- 
ing than too much, especially in a changeful climate like 
our own. Boerhaave says, "We should put off our winter 
clothing on midsummer's day, and put it on again the day 
after. Only fools and beggars suffer from the cold; the lat- 
ter not being able to get sufficient clothes, the others not 
having the sense to wear them." The practice of exposing the 
limbs and necks of young children is qm\ie> \\ajat^QV5a. ks»^^ 
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skin is constantly acting, hy night as well as by day, it is 
conducive both to cleanliness and comfort to change the clothing 
entirely on retiring for the night. The day clothing should be 
aired during the night, and the bedding should be aired in the 
morning, for the same reason. 

25. Poisonous Cosmetics. — The extensive use of cosmetics 
for the complexion is a fertile source of disease. The majority 
of these preparations contain certain poisonous mineral sub- 
stances, chiefly lead. The skin rapidly absorbs the fine particles 
of lead, and the system experiences the same evil effects that 
are observed among the operatives in lead- works and painters, 
namely, ** painters* colic," and paralysis of the hands, called 
" wrist-drop." 

26. Certain hair-dyes also contain lead, together with other 
noxious and filthy ingredients. These do not work as great 
harm as the cosmetics, since they are purposely kept away from 
the skin, but they rob the hair of its vitality. Eye-washes, too, 
are made from solutions of lead, and many an eye has been 
ruined by their use. They deposit a white metallic scale on 
the surface of the eye, which when in front, permanently blurs 
the sight. 
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CHAPTER IV. 
Food and Drink. 

The Necessity for Food — Waste and Repair — Hunger and 
Thirst — Amount of Food — Renovation of the Body — ^The 
Sources of Food — Its Classification — Water and its 
Purity — Salt — ^The Necessity of a Regulated Diet — Milk 
— Meats — Fish — The Vegetables — The Fruits — Coffee 
and Tea. 

1. The Necessity for Food. — ^Activity is everywhere followed 
by waste. During life, our bodies are ceaselessly active, under- 
going a constant round of changes in nearly all their parts. 
Thus the wear is constant. The particles that are worn out 
are thenceforth useless, and must be removed fi*om the body. 
Their loss must be made good by constantly renewed supplies 
of strength-giving particles. Hence the daily recurring demand 
for food and drink. In health, therefore, while the body is 
always wasting, it is always building up, and does not greatly 
change from day to day either in size, form, or weight. 

2. Hunger and Thirst. — When the system is deprived of 
its supply of. solid food during a kmger time than usual, nature 
gives warning by the sensation of hunger, to rejmir the losses 
that have taken place. The feeling of thirst, in like manner, is 
evidence that the system is suffering from the want of water. 
The length of time that man can exist without food or drink is 
estimated to be about seven days. If water alone be supplied, 
life will last some days longer ; there being cases recorded where 
men have lived twenty days and over, w\Uvo\\\. Va^wv^ vsav^ ^^^\ 
food. 
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3. Quantity of Food. — The ciiiantity of food required 
ligreatly, acconliny to the individual and his mode of life. The 

yoimg, and those who lead active lives, or who live in the open 
air, require more food than the old, the inactive, or the seden- 
tary. Those who live in cold regions riMiuire more than the 
inhahitants of hot climates. 

4. The flvar&ge daily quantity of food and drink for a healthy 
nan of active hahits is estimated at six {lounds. This atuoimt 
may he dividwl in the following proportions ; the mineral king- 
idom furnishes three and one-lmlf pounds, including water and 
Bait ; the vegetable kingdom, one and one-ludf pounds, includ- 
ing bread, vegetables, and fruits ; tho animal kingdom, one 
pound, comprising meat, ogga, Iratter, and the like. Thia 
amount is about eijual to one twenty-fourth part of the weight 
of the body of an adidt,— namely, one hundred and forty 
pounds. 

5. Renovation of the Body,— ^But these pounds of food are 
not all real nutriment. A considerable jwrtion of that which 
we eat b innutritious, and though useful in various ways, is not 
destined to repair the losses of the system. An opinion pre- 
vails diat the bwly is reneweil throughout once in seven years ; 
how correct this may be it is not easy to decide. Some parts 
change more or less completely several times during the day. 
The muscles, and other parts in frequent use, change often 
during a year ; the bones not so often, and the enamel of the 
teeth never changes after being, once fomieil. 

6. The Source of Food. — ^The tsTm/ood includes all those 
substances, whether liquid or solid, which are necessary for the 
nourishment of the body. The original source of all food is the 
earth, which the poet has fitly styled the " Mother of ail liv- 
ing," But the salts of the earth and gases of the air are not all 
directly suited to the wants of man ; for the most part, they 
must be made into forms more closely resembling the tissues of 
his own body. Tliese higher forms are prepared through the 
medhim ol the plants and lower imimala. 
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7. Moreover some of the fonus of vegetflUe and animitl life 
are unlit, iu their cnuLe atnto, for man's use, but niuet puas 
through one or more refining processes. Thus clover, and hay 
anil husks of com, beeome, through the (^ency of tlie bee and 
tlie cattle, honey, niillf and meat. The insect world furnislies 
food for the fowl, and thus iiidireetly supplies our own tables, 

8. Inorganic Substances. — The eubstonces we use as fooil 
arc classifieil as ••rifinir and inmyiinir. By otguuie substances 
are meitnt those derived from living forms, such as vegetables 
and animals. Inor^nic suliKtoucus are those simpler forms 
which belong to the niineml kingdom. The former akme are 
commonly spoken of as foixl, but the latter enter very largely 
into the constitution of the Ixxly, and must therefore be present 
in our food. With the exception of two articles, water and 
common salt, these substances only enter the system when 
blended with organic substances. 

9. Water. — Water, from a physiological point of view, is 
the most important of all the articles of food. It is everywhere 
found in the body, even in the bones and the teeth. It is esti- 
mated that two-thirds of the body is wat«r. The teeth, the 
densest of the solicls in the human system, contain ten jier cent. 
of water. The muscles, tendons, and ligaments are more than 
half water ; for it is found that they lose more than half their 
weight when dried with moderate heat. But it is in the flvtrh 
of the body that water is found most abundantly. 

10. Mau can remain a longer time without solid food than 
without water. He may be deprived of the former for ten or 
twelve houre without great suffering, but deprivation of water 
for the same length of time will produce both sulfering and 
weakness. Water coustitntes the groat bulk of all our drinks, 
and is also a large constituent of tlie meats, vegetables, and 
fruits which wjnie ujion the table. 

11. Pure Water. — It is important that the water we drink 
and use in the preparation of fooil should he pure. It sAvovvVV. 
be clear and tvJorless, with little or no \AiAe. ot svw^i., »».i.^'«ra 
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from any great amount of foreign ingredients. Chemically po» 
water does not occur in nature ; it is only obtained by the con- 
densation of steam, carefully conducted, anil is not as agreeable 
for drinking i>ui|ioees as the water furnished by springs a&il 
streama, Rain-water is the purest occurring in nature ; but 
even this coutains certain imjiurities, especially the portion 
wliich falls in the early part of a sliower; for in its descent 
from the clouds, the particles Boating in the air are caught by 
the falling drops. Water from springs and wells always contains 
more or tesa foreign matter of mineral origin. This imparts to 
the drink its pleasant taste — the sparkle, or " life," coming 
from the gases absorbed by the water during its passage under 
ground. 

12. Action of Water upon Lead. — ^The danger of uamg 
water that h:iH been in mutact with certain metals ie well 
known. Lead is probably the most poisonous of these sub- 
stances in common use. When pure water and an untarnished 
surface of lead come in contact, the water gradually corrodes 
the metal, and soon holds an appreciable i]^uantity of it in solu- 
tion. Wlien this takes place the water becomes highly in- 
jurious. 

13. In cities, lead pipes are commonly used to convey water 
through the houses ; lead being also used in the construction of 
roofs, cisterns, and vessels for keeping water and other liquids. 
After the articles of lead have been in use several months, the 
danger of lead-poisoning diminishes. An insoluble coating of 
the sulphate of lead forms upon the exposed surface, thus pro- 
tecting it from further corrosion. It is, however, a wise precau- 
tion, at all times to reject the water or other fluid that lias been 
in contact with leaden vessels over night, or for a number of 
hours. Allow the water in pipes to run freely Iwfore using. 

14. Common Salt. — Salt, as an article of food, is obtained 
chiefly from the mineral kingdom ; although plants contain it 
in small quantities, and it is also foimd in the tissues of nearly 
all anijnuls uaeil as food. Evr^n tlie. wtvtev wa iltiuk sometimes 
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has traces of it In the human hody, it is an ingredient of all 
the solids and fluids. The importance of salt is shown by the 
value placed upon it in countries where it is rare. On the gold 
coast of Africa, a handful of it will buy one or two slaves; next 
to gold it is their most valuable commodity. Its necessity to 
animal life is also seen in the great appetite for it among domes- 
tic animals, and also by the periodical resort of hertls of wild 
beasts to the " salt-licks" or springs. 

15. Experiments upon domestic animals show that the with- 
drawal of salt from their food, not only makes their hides 
rough and causes the hair to fall out, but also interferes with the 
proper digestion of food. If it be withheld persistently, they be- 
come imable to appropriate nourishment, and die of starvation. 

16. Organic Substances. — The organic food-substances are 
derived from the vegetable and animal kingdoms. They com- 
prise all those articles which are commonly spoken of as " food," 
and are essential to sustain the boily in life and strengtli. They 
are divided into three groups: (1) the Albuminoids, or flesh- 
producers ; among these are albumen, or white of eggs ; caseine 
from cheese ; gluten from wheat ; also the lean part of meat ; 
(2) the Fats or Oils, or the great heat-producers. Among these 
are butter, lard, olive and other vegetable oils. In cold climates, 
the fat of animals is the chief " staff* of life," but where vegeta- 
tion is scanty and innutritions, the waters even of the frozen 
regions teem with forms of animal life rich in fat. The Esqui- 
mau consumes daily from ten to fifteen pounds of meat or 
blubber, a large proportion of which is fat. The Laplander 
will drink train-oil, and regards tallow-candles as a great deli- 
cacy. In hot climates, on the other hand, a vegetable fat is 
supplied by the olive and the palm. (3) The Surjars, like the 
last group, are producers of heat. They are, with the exception 
of the sugar of milk and honey, chiefly the products of vegetable 
life ; among the principal sources are the sugar-cane, maple and 
beet-root. Moreover, the sweet-tasting fruits, such as grapes^ 
pears, peaches and cherries are rich in grape-9»\\^T. \w\Xv\^ ^;w^\ 
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etarch is [ilaccd, for tim reason that it must lie changtid into 
Bugar by d%e8tion, before it tan take part in building up the 
body. 

17. Tlie bread stuffs, wheat, com, and rye flours, are more 
than one-half starch. Kicfl, which is tin' " st;ifi' of lifr " 1^ on^. 
tliird of the human family, 

[tains eighty percent. Un- 
ripe fruits have much starch 
in them, which rendere them 
indigestible when eaten un- 
cooked ; for the granules of 
raw starch are but slightly 
acted upon within the body. 
But under the potent chemis- 
try of the sun's ray, this 
crude material is converted 
into sugar. Thus are the 
fruits prepared by the care- 
ful liaud of Nature, so that 
■when ripe they may be freely used without further preparation. 

18. Necessity of a Regulated Diet — These three organic 
food-groups are each essential to life. Neither of them can be 
useil to the exclusirin of the others without endangering heallii 
and lifa An animal can be starved to death on an unlimited 
allowance of white of egg, or butter, or (Jure sugar, which repre- 
sent the three classes. £ut if these are given together, or are 
dianged at .short intervals, the animals live and tlirive. 

19. Milk. — Milk is the earliest imtrimeut of the huinan race, 
and from the arrangement of its constituents, may be regarded 

the model footl, no other single article being capable of sus- 

ling life so long. Cow's milk holds casein, one of the albu- 

ipinoida, about live parts in one hundred; a fatty principle, 

separated, known as Ijutter, about four parts; sugar of 

four parts ; water and salts, eighty-seven parts. The casein 

ffttty subntance are far more digestible in milk, than after 
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they haVQ been sfparaled from it in the form of chwso uiid 
butter. 

20. The Egg.^Tlie egg contains about two-thinln nat«r, 
the balance being pure albumen and fat. Tlie fat is in the 
yolk, and gives it its yellow color. £^t^ i;ontain none of tlii> 
sugar-principlHs, aiid sliould be eat^sn with breail or vegetabW 
that contain them. Soft-boiled eggs are more wlinlesomo tluiii 
those which are lianl-boiled or fried, as the ktter reiguire longer 
time to digest. 

21. Meats, — The meats, so called, are derived from the 
muscular parts of various animals. They are most ini[)ortaiit 
articles of food for adults, inasmuch m they are richly stortil 
with albuminoid eabatances, and contain more or less fat. Such 
food ia very nourisliing and easily digested if eaten when fresh, 
— veal and pork bemg exceptions. The flesh of young animals 
ia more tender and, in general, more digestibie than that of 
older ones. All meat is more tough immediately after the kill- 
ing of the animal, but improves by being kept a certain length 
of time. 

22. Cold is one means of preserving meat from decay. In 
the markets of northern Russia, the frozen carcases of animals 
stand exposed for sole in the winter air for a consideTable time, 
and are sawn in pieces, like sticks of wood, as the purchases are 
made; such meat, when thawed, being entirely fit for focnl. 
Beef and pork are preserved by salting down in brine, and in 
this condition may be carried on long voyages or kept for future 
use. Salted meat is not as nutritious as fresh, since the brine 
absorbs its rich juices and liardens its fibres. 

23. Cooking,— Tlie preparation of food by the agency of 
Are is of almost universal practice, even among the rudest 
nations. Tlie object of cooking is to render food more easy of 
digestion by softening it, to develop its flavor, and to raise its 
tempemture more nearly to that of the body. A few articles of 

■food are eaten imcookod in civilized lands, the oyster beiii% 
itoaca Raw meut is occasionally ealen ^)"3 So-voNiis. ■«\"Co. 
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weak digestive powers, and by men training for athletic con- 
tests. 

24. In boiling meat, the water in which it is placed tends to 
dissolve its nutrient juices. In fact, the cooking may be so 
conducted as to rob the meat of its nourishment, its tendemesB, 
and even of its flavor. The proper method, in order to preserve 
these qualities, is to place the meat in boiling water, which, 
after a few minutes, should be reduced in temperature. In this 
way the intense heat, at first, hardens the exterior layers and 
imprisons the delicate juices; after that, moderate heat best 
softens it throughout. When soup is to be made, an opposite 
course should be pursued ; for then the object is to extract the 
juices and reject the fibre. Meat, for such purpose, should be 
cut in small pieces and put into cold water, which should then 
be gradually raised to boiling heat. 

25. Roasting is probably the best method of cooking meat, 
especially "joints" or large pieces, as by this process the mei^ 
is cooked in its own juicea Roasting should begin with in- 
t(inse heat, and be continued at a moderate temperature, in 
order to prevent the drying out of the nutritious juices, as by 
this process an outer coating or crust of coagulated albumen is 
formed. During this process the meat loses one-fourth of its 
weiglit, but the loss is almost wholly water, evaporated by the 
heat. Too intense or prolonged heat will dry the meat, or bum 
it. Frying is the worst possible method, as the heated fat, by 
penetrating the meat, or other article placed in it, dries and 
hardens it, and thus renders it indigestible. 

26. Trichina. — It should be remembered that ham, sausages, 
and other forms of pork, should never be eaten in a raw or im- 
perfectly cooked condition. The muscle of the pig is often in- 
fested by a minute animal parasite, or worm, called trichina 
Hjriralis. TJiis wonn may be introducetl alive into the human 
]x)dy in pork food, where it multiplies with great rapidity, and 
gives rise to a painful and serious disease. This disease has 
been prevalent in Germany, and cases of it occur from time to 
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time in this country. Other varieties of parasites, not less than 
seven in number, may be introiluced by means of animal food. 
The true means of preventing them all is thorough cooking. 

27. Fish, — The part of fish that is eaten is the muscle, just 
as in the case of the meats and poultry. It closely resembles 
flesh in its composition, but is more watery. 3ome varieties 
are very easy of digestion, such as salmon, trout, and c(hI ; 
others are quite indigestible, especially lobsters, clams, and 
shell-fish generally. 

28. Vegetable Food. — The list of vegetable articles of diet 
is a very long one, including the grains from which our bread- 
stuffs are made, the vegetables from the garden, and the fruits. 
All the products of the vegetable kingdom are not alike useful. 
Some are positively hurtful ; indeed, the most virulent poisons, 
as strychnia and prussic acid, are obtained from certain vege- 
tables. Again, of such articles as have been found good for 
food, some are more nourishing than others : some require very 
little preparation for use, while others are hard and indigestible. 
Great care must therefore be exercised, and many experiments 
made, before we can arrive at a complete knowledge in reference 
to these articles of diet. Tea, coffee, and other substances from 
which drinks are made, are of vegetable origin. 

29. Bread. — Bread made from wheat-flour has been in use 
for many himdreds of years, and on this account, as well as be- 
cause of its highly nourishing properties, has been aptly called 
" the staff of life." We never become tired of good bread as an 
article of daily food. 

The white kinds of flour contain more starch and less gluten 
than the darker, and are therefore less nutritious. The hard- 
grain wheat yields the best flour. In grinding wheat, the chaff 
or bran is separated by a process called "bolting." Unbolted 
flour is used for making brown or Graham bread. 

30. The form of bread most easily digested is that which has 
been " leavened," or rendered porous by the use of yeast, or by 
some similar method. Unleavened bread iec\]a\x^^ toxiOdl \sisstfe 
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mastication, or chewing. Uot brnail is tinwhok-BDnio, because it 
is iiDt firm enough to be th(ir<:iu);li]y masticatod, but is converted 
into a pasty, heavy mass that is not easily digested. 

3F. Wheaten bread contains nearly every principle requiatfl 
for sustaining Hfe, excejrt fat. Tliis is commonly added in othtt 
articles of diet, especially in butter, — " bread and butter," coh- 
Ber[nently, forming an alnioat jwrfect article of food. The fol- 
lowing experiment is recorded : " A d , eating ad litntKiH of 
white bread, made of pure wheat, an 1 freely supplied with 
water, did not live beyond fifty days. He died at the end of 
that time witli all the signs of gradual exhaustion." Death 
took place, not because there, was anything hurtful in the 
breitd, but because of the absence of one or more of the 
food-principlcB. 

32. The Potato. — The conunon or Irish potato is the vege- 
table most extensively used in this country and Great Britain. 
Among the poorer classes in Irehind it is the main article ol 
food. While it ia not so rich in nutritious aubstancea as many 
others, it has some very useful qualities. ■ It keeps well from 
season to season, and men do not weary of its continuous use. 
It is three-fourths water, the balance being chiefly starch. It is 
rich in potash and other salts, and is believed to have been 
highly valuable in warding -off the attacks of scurvy which re- 
eurred in Europe every spring and winter previous to its intio- 
duction. 

33. Fruits. — These are produced, in this coantry, in great 
abundance, and are remarkable alike for their variety and 
delicious flavor ; consequently they are consumed in large 
quantities, especially during the warmer monthB. The moderatt 
use of ripe fruits, in their season, ia beneficial, because they 
offer a pleasant substitute for the more concentrated diet that is 
used in cold weather. Unripe fruits contain starch, ndiich, 
during the process of ripening, is converted into sugar. Such 
fruits are indigestible and should be avoided ; cooking, howerfll) 
in jiart removes the objections to them. 
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34. CofTea. — This is an important addition to diet, and if 
moderately used is beneficial to persons of adult a^. As com- 
monly employed, it consists of an infusion in boiling wator of 
the roasted and ground berry. With most i)er8ons its action is 
that of a gentle stimulant, without any injurious reaction. 

35. Another property of coffee is, that it retanls i\w, waste 
of the tissues, and consequently permits the iKTforniance of 
excessive labor upon an economical and inade<iuate diet. This 
lias been tested among the miners of Belgium. Their allowance 
of solid food was below that found necessary in prisons and 
elsewhere ; but, with the addition of about four pints of coffee 
daily, they were enabled to undergo severe labor without re- 
ducing their muscular strength. The caravans which traverse 
the deserts are supported by coffee during long journeys and 
lengthened privation of food. Among armies it is indisi>ensable 
in supplementing their imperfect rations, and in relieving the 
sense of fatigue, after great exposure and long marches. When 
taken with meals, coffee is also thought to promote digestion. 

36. Tea. — The effects of tea are verj' similar to those of 
coffee, and are due to a peculiar principle called thtn'tie. This 
principle is probably the same as that found in coffee, caffeine^ 
since the chemical composition of both is the same. Tea, as 
a beverage, is made from the dried leaves of the plant by the 
addition of hot water ; if the tea is boiled, the oil which gives 
it its agreeable flavor is driven off with the steam. 

37. Chocolate is made from the seeds of the cocoa-tree, a 
native of tropical America. Its effects resemble somewliat i\\om 
of tea and coffee, but it is very rich in nutriment. Linnaeus, 
the botanist, was so fond of this beverage, that he gave to the 
cocoa-tree the name, Theobroma — " the Food of the Gods." 

38. Alcohol. — The word alcohol is of doubtful origin. It is 
commonly supposed to be derived from the Arabic language, 
several words in that tongue resembling it in sound, but none 
of them or any other in the language have a meaning corres- 
ponding with that of the ;Eng]ishtej^« „ ^, .. * . ^ 



50 FOOD AND DRINK. 

39. History. — Alcohol was distilled from rice many centuries 
before that seed was known in Europe. We hear of it in 
Bagdad about the year 900. It was known to the Moors of 
Spain, through whom the knowledge of its production spread 
into Western Euroi)e. The first description of alcohol was 
given by a western writer about 1280, who wrote of a " burning 
or ardent water " that resulted from the distillation of wine. It 
may also have been known to the Romans, for Pliny, in the first 
century, wrote of a strong kind of wine that was inflammable — 
a quality that strongly suggests the knowledge of a product of 
distillation. 

40. The Alcohols. — There are at least twelve members of 
the alcohol family, the oldest of which is common alcohol 
Tliis last is the only one that need be referred to here. Com- 
man Alcoliol is sometimes known as spirit of wine, also as vinic 
alcohol. It is commonly obtained by the distillation of grains 
or of wine. The ardent spirits of commerce (brandy, whiskey, 
gin and rum) contain about one half water, the other half alco- 
hol. Alcohol is also found in all the wines and malt liquors 
(beer, ale, and porter) in varying proportions. The juices of 
ripe, sweet fruits will, at seventy degrees of Fahrenheit, b^gin 
spontaneously to "work" or ferment; also wheat and other 
starch-grains, when sprouting, will have their starch changed 
into sugar, and this, in like manner, will undergo fermentation : 
alcohol being one of the results of this action in both cases. 

41. Properties of Alcohol. — Alcohol is a clear, colorless, 
volatile and inflammable liquid of penetrating odor and burning 
taste. It is lighter than water. As it cannot be frozen, it is 
used in thermometers for taking low or exceedingly cold tem- 
peratures. It is also used in spirit levels. It bums with a 
pale, bluish flame, without smoke, and with intense heat ; hence 
its use in the spirit-lamp. 

42. Is Alcohol Food? — Some authorities class alcohol 
among the food substances. Chemically it is allied to the 
su^^jQP, hut tte^.Qffect pf ^p^oX within the body is yery unKk.Q 
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that of the sugars. The latter are nourishing, while the former 
tends to impair nutrition. It was on the mistaken theory that 
alcohol had sustaining power, that for two hundred years the 
armies and navies of certain countries were supplied with 
rations of rum or some other alcoholic drink, under the name of 
"grog." During recent years, a systematic inquiry has been 
made to discover whether the grog-ration was really serviceable 
or the reverse. Tests have been tried upon considerable bodies 
of men, under military discipline, by withdrawing tliat ration ; 
comparisons have been made at home and abroad, in hot 
climates and in cold, in active service and at rest. The results 
of these observations have without exception been favorable to 
the non-use of spirits. The proportion of ill health, the num- 
ber of sick days, and the incapacity for work have invariably 
been greater among the men to whom the spirit-ration has been 
issued, the quality of food and other circumstances being made 
as nearly equal as possible.* Hence the conclusion that not only 
is alcohol not a food, but is injurious in itself, and a detriment 
to the food taken.t 



* Alcohol in the Army.— Dr. F. H. Hamilton writes concerning the use of spirits 
by the Army of the Potomac in the late war. One gill of whiskey was, for a time, 
given daily to each soldier, on the ground that the hardship and exposure of the 
soldiers demanded it. He condemned the experiment and expressed the hope that 
** no such experiment will ever be repeated in the armies of the United States. My 
conviction is fixed, by the experience and observation of a lifetime, that the regular, 
routine employment of alcoholic stimulants, by a man in health, is never, under any 
circnmstances, uaefol. I make no exception in favor of cold, or heat, or rain, nor 
indeed in ikvor of old drinkers, when we consider them as soldiers." 

t Beer and Wine. — Beer and wine are drank chiefly for pleasure or from habit, and 
therefore might be got rid of without any disadvantage ; whilst at the same time they are 
costly, and cause an enormous waste of money amongst the working classes. The cost 
of two pints of ale daily, viz., 3s. 6d. a week, would, well clothe a whole family. * * * * 

They do not give strength for work, but on the other hand often make people dull, 
heavy, stupid, and unfit for work. The most severe and continued work can be per- 
formed without them, and there are now some millions of people in this country who 
never taste them. Happy will be the day when they are not drank by any, but particu- 
larly by the working man, who finds it difficult to maintain his family. Then will there 
be less quarrelling, poverty, and crime, and more food, clothing, and education. 

About 120 millions of money are spent yearly in these substances, and therefore we 
way well as)^ whether so lai^ge a sum ia wisely spent. It i?« vXlQ'w Vft»X ^«t^ w^'Vf^ 
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43. Doe8 Alcohol Relieve Thiret ? — One of the most 

striking proiKjrties of alcohol is its affinity for water. When 
swallowed, therefore, its tendency is to deprive the body of 
water and to create thirst rather than to relieve it. It may 
then be stated that alcoholic drinks which appear to quench 
thirst do so by means of the water that, in greater or less 
tiuantities, dilutes the alcohol they contain. Water, the peer- 
less beverage of nature, does its work better in proportion as it 
remains free from alcohol. For the reason that alcohol seeks 
to draw water to it, the organs of the body that require an 
adequate and ever justly-measured supply of water abhor alco- 
hol. It is found after death from the use of alcoholic drinks, 
that the organs es^xjciaUy sensitive to the hurtful effects of alco- 
hol have become dryer and harder than is natural 

44. Doee Alcohol Enable ite Consumere to Resist 
Extreme Cold ? — If this could be proved to be a fact, some of 
its boasted usefulness would receive support. In extremely 
cold climates, the inhabitants are enabled to live comfortably by 
consuming vast quantities of animal food alone, especially if it 
is abundantly oily. Will alcohol act in a similar way or assist 
in maintaining heiit 1 Experience and observation say no. 

45. liefore the thermometer was applied to the testing of 
the body^s temperature, it was commonly supposed, by reason of 
the sensations of warmth, that alcohol increased bodily heat 
When, however, this new test was applied, it became apparent 
that those sensations were deceptive, and that there had been 
an actual fall in temperature as the result of imbibing alcohol 
The surface of the stomach is irritated by this powerful agent, 
causing the netves of sensation to convey to the brain the 
impression that something has entered the stomach which is 
producing warmth. Tliis is a delusive impression, as we know, 
by pouring a few drops of alcohol on the skin, that the 

niillionH of peoi)le in the whole world, and that a 4 lb loaf of bread conid be parchafled 
everywhere for 6(2., tliat sum woul<l feed the whole world with | lb. of bread daily for 
one moDtb..—I>r. E. SmUh, in " English Afugazine." 
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tendency is to cool the surface whenever evaporation can take 
place. 

46. The sensation of warmth of the face and surface of the 
body is also deceptive. The flushing of the face, common to 
hard drinkers, does not indicate that they liave a suiMir- 
abundance of animal heat, the temperature of their Ixxlies be- 
ing below normal The true cause of the flush is a jxiralysis 
of one set of nerves governing the natural action of the hair-like 
vessels that course just below the skin. Nature has provided 
these infinitely fine vessels with minute controlling nerv(»8, 
whose duty it is to regulate the flow of blood in exposed {xm- 
tions. Alcohol paralyzes this control ; the blood flows at ran- 
dom, and the terminal vessels are over-charged with blood. 
Hence the high color which is so remarkable in habitual drinkers 
that it amounts to a disfigurement, is Nature's signal of distress, 
showing that the circulation is deranged and the blood is unduly 
brought into contact with the lower temperature of the outer 
air. Alcohol, therefore, is not a producer of heat, but a pro- 
moter of cold, and must be dangerous to any persons taking it 
when they are exposed to low temperatures. 

47- The testimony of those who have had experience in 
contact with the realms of snow and ice is unanimous against 
the cold-resisting property of alcohols. It is reconled of the 
men who served in Napoleon's campaign in Kussia, imder 
great exposure to cold, that death was hastened by the use of 
alcohol The evidence of the Monks of St. Bernard is similar. 
Numerous Arctic explorers testify that not only is the temporary 
indulgence liable to result in most serious consequences, but 
that strong, able-bodied men in the habit of using alcoholic 
drinks, are entirely unfitted to resist the cold to which they 
must be exposed. The natives and travelers alike rely upon 
fresh animal food, especially fatty food, and avoid alcohol as a 
danger to life.* 

• " Alcohol is not the wanning cordial and invigoratiug at\m\j\axAi\Jia3^\.\\.\s^\«^N^i6^\ft 
be, but there to » worM-ftUl of preconceived oplnious m \tft Uvoi >3!a»,\, xsx»a\,\3ft\»fe^'w^^ 
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Dr. Baa's BtatMOent.— The AkOb explnnr, Dr. Bu, sMat that hs lamA 
itire buhiUpm nf «Ieoliol nocesmfj', In the hr North. Tlie muumut « mui had 

gwnUawKl ■ drink of spirlia, It ww c^TtEiii ttut his day'i work iru nurly it an end. 

" It was iibsolDtely uecessiirjr that the rule of total abttlnenix Hliaald he rigidly enforced, 

IT we *Didd accnnipliah our day's laak. Any uae oTHqnor. ua beverage, when we had 

work on hand, In that IfrriDu cold, vns out of the qaestlon." 

48. Alcohol Destructive to Life. — Instead of being a pro- 
moter of life, as the early olchemistB who produced it hoped it 
would he, aluohol is hostile to life ; it is a poison. Plant life 
is speedily destroyed when brought into close contact with it 
The lower animals are poisoned by it. When applied directly 
to small insects and reptiles, death commonly occurs in a few 
seconds or miimtes. It is hurtful to the larger animals, and 
the more intelligent of them appear to resent its use instinct- 
ively. This is seen when dogs liave been forced to take brandy 
in small dcses for aome time. Instead of learning to like it, 
they gradually show a greater and greater dislike to it.* 

49. The Proper Use of Alcohol. — Like opium, chloral, 
arsenic, and many other poisons, alcohol may be rightly used, 
and that is as a medicine. For the relief of sickness and feeble- 
ness of body or conditions of unusual fatigue alcohol can be 
beneficially used under the advice of a physician. 
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A Kixed Diet affordB the beet Beeults.— " The mixed diet to which the 
inclination of a man in temperate climates seems nnosually to lead him, when circum- 
stances allow that inclination to develop itself ftvely, appears to be fully conformable 
to the construction of his dental and digestive apparatus, as well as to his instinctive 
cravings. And whilst on the one hand it may be freely conceded to the advocates of 
' vegetarianism,' that a well-selected vegetable diet is capable of producing, in the 
greatest number of individuals, the highest physical development of which they are 
capable, it may, on the other hand, be affirmed with equal certainty, tliat the substitu- 
tion of a moderate proportion of animal flesh is in no way iujurious ; but, so fkr as our 
evidence at present extends, this seems rather to &vor the highest m«»(aZ development. 
And we can scarcely avoid the conclusion that the Creator, by conferring on man a 
remarkable range of choice, intended to qualify him for subsisting on those articles of 
diet, whether animal or vegetable, which he finds most suitable to his tastes and 
wants." — W. B. Carpenter on the Principles of Physiology. 

Bread.—" The health and power of a nation, as of an army, depend greatly on its 
food. The quality of bread in any nation, community, or family is a pretty good 
measure of its civilization. No one can entirely dispense with it. Good or Itful, in 
some form it must be had. So it is, and has been from the earliest records of the race, 
and so it will doubtless continue. Leavened or fermented bread is as old as the time 
of Moses, and its value has been fully tested. Whatever be the precise action of the 
leaven, it transfonns the grain by partial decomposition of its original elements, and 
leaves as its resultant what all men in all ages have approved. Is the art of making 
good, honest, leavened, Bible bread lost in Massachusetts, as some of our fHends 
declare? Baker's bread is almost universally adulterated. Bread hastily made in 
fiEunilies is mixed in a variety of ways, with a variety of chemicals, and is generally 
imperfectly cooked. Very bften the elements of wheat and fat which the body demands 
(a wise and witty clergyman of the last generation used to say, ' bread is the staff of 
life, but bread and butter is a gold-headed cane ') are furnished in underdone pastry, 
made from flour and hog's lard. Any family can have good bread who will take the 
pains. It involves not more than ordinary skill and judgment. It * is to be found on 
the continent of Europe on all the great lines of travel, and is as common among the 
people in France and Germany as it is rare with us.' The niaterials for an honest, whole- 
some loaf are simple and not expensive. The value of time and labor required for 
kneading the dough are the only difficulties, and these we would not undervalue ; 
they are in many fiAmilies very serious, and not easily overcome."— Derby on the Food 
cf Massaehtisetts 
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The Principal Processes of Nutrition — The General Plan o( 
Digestion — Mastication — The Teeth — Preservation of the 
Teeth — The Action of the Saliva — The Stomach and the 
Gastric Juice — The Movements of the Stomach — Gas- 
tric Digestion — The Intestines — The Bile and Pancrea- 
tic Juice — Intestinal Digestion — Absorption by means of 
Blood-vessels and Lacteals — The Lymphatic or Absor- 
bent System — The Lymph — Conditions which affect Di- 
gestion — The Quality, Quantity, and Temperature of the 
Food — The Influence of Exercise and Sleep. 

1. Nutrition. — The great design of food is to give nuirimi^it 
or nourialimunt to tlie body. But ttiia is not accomplished 
directly, aa the food must first pass through certain preparatory 
changes, aa follows : (1), Digeatimt, by which the food is re- 
duced to a soluble condition ; (2), Absorption, by which, when 
digested, it is taken up by the blood ; (3), Circtdatiiyii, which 
camea the enriched blood to the vftrioua jiarta of the system ; 
and (4), AmmUitiiun, by which each tissue selects from tliP 
blood the materials necessary for its support. By these four 
steps the si;ataining power of food is gradually brought into 
exercise, and the vital machinery kept in working order. 

2. General PIbb of Digestion.— The great cliange which 
food undergoes iu digCBtion is essentially a refining [iroccsa, re- 
ducing articles of diet, which are at first more or less solid, 
crude, and coarse, to a liquid conilition, suitable for absurptii 

) entire process of digestion takes pli 



M 



DIGESTION. 



^^H what is called the " alimentary ' 

^^m canal," a narrow, crooked tube, 

^^F about thirty feet in its entire 

I Iftngth. This eanal begins in the 

mouth, extends thence downward 

I through the gullet to the stomach, 

^^^ and tlieuce onward through the 

^^V small and large intestines. 

^^P 3. The stomach and intestines 

[ are situated in the abdomen (Fig. 

9, C, and Fig. 16), and occupy 

I about two-thirds of its space. The 

^^B action to which the food is sub- 

^^B jected in these organs is of two 

^^P kinds — mechanical and chemical. 
By the former it is crushed, agi- 
tated, and carried onward from 
one point to anotlier ; by the lat- 
ter it is changed in form through 
the solvent power of the various 
digestive fluids. 

4. Mastication.' — As soon as 
solid food is taken into the mouth, 
it undergoes mastication, or chew- 

Iing. It is caught between the opposite surfaces of the teeth, 
and by them is cut and crushed into very small fmgnients. In 
the movements of chewing, the lower jaw plays the chief part ; 
the upper jaw, having oJraost no motion, acts simply as a point 
of resistance, to meet the action of tlie former. These move- 
ments of the lower jaw are of three sorts : an up-imd-down 
. or cutting, a lateral or grinding, and a to-and-fro, oi gnawing 

motion. 

5. The teeth are composed of a bone-like material, and are 
held in |>lace by roots running deeply into the jaw. The ex- 

posiil jtortioa, or "crown," is protf.cteiX ^i^ a ftvYft Vi«t uf 
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ig. 10, ff), the hflrf- 
est suTatance in the bckiy, 
which, like flint, is wipahle of 
striking fire with ateeL In 
tile interior of eatHi tooth is a 
cavity containing IJood-vea- 
sela and a nerve, which enter 
it through a minute opening 
at the point of the root (Fig. 
12). 

6. There afs two sets of 
teeth ; hret, those belonging 
to the earlier years of child- 
hood called the milk teeth, 
which are twenty in neinber 
and email. At six or eight ' 
years of age, when the jaw 
expands, and when the grow- 
ing body requires a more a 
powerful aad numerous set, 

the roots of the milk teeth are absorbed, and the latter are 
_" shed," or fall out, one after another (Fig. 11), to make rutiui 
for the permanent set. 

7. There are thirty-two teeth in the permanent set, an equal 
number in each jaw. Each half-jaw has eight teeth, similarly 
shaped and arranged in the same order. The front teeth are 
small, sliarp, and chJael-edged, ajid are well adapted for cutting 
purposes ; hence their name incisors. The canines stand next, 
one on each side of the jaw; these receive their name from tlieir 
resemblance to the long, pointed tusks of the dog (Fife'. 12). 

8. The bicuspids, next in order, are latter and have a bromler 
crown than the former; while hehijid them are tlie molars, the 
largest and most powerful of die entire set These large back 
teeth, or " griuders," present a brt>ad, rough surface, aiM.ta.W.e.tM 
hniiVuig anil cnufhiiif^ the foiid. 
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is intereBting, at this point, to notice the different 
forms of teeth in dillerent animals, and observe how admirably 
their teeth are suited to the respective kinds of f(K>d upon 
which they Btibsist In the eamivora, or flesh feeders, the toeth 
am sliarp and pointed, enabling them both to seize their prey, 
and tear it in pieces ; while the herbivora, or vegetable-feeders, 



1 




have broad, blunt teeth, with rough crowns, snitable for grind- 
ing the tough grasses and grains upon which they feed. Human 
teeth partake of both forms ; some of them are sharp, and others 
are blunt ; they are therefore well oilapted for the mastication 
of both flesh and vegetables. Hence we ai^e that, although 
man may live exclusively upon either vegetable or animal food, 
he should, when possible, choose a diet mode up of both 
viirietiea. 
/O- Preservation of the Teelh.^lLii ovdei; that the teeth 






remain m a sound an 1 terv cp-able conditiun some care ... 
of couise requisitL In the hrst | Ial they re jmn fiw^ueut 
cleanauio for every time wo take fwjJ somi, partidcB uf it 
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PernuneDt Teeth. 



main in the mouth ; and these, on account of the heat and 
moisture present, soon begin to putrefy. Tliia not only renders 
the breath very offtnaive, but iiromotea dec-iy of the teeth. 

\ The saliva, or ntoisturc uf Uu', TOtmltv, u'aitt^'aft^^'iysisft- 
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factive uhange, and becomes tlie fertile soil in which a certain 
minute fungus has its growth. This fluid, too, if allowed to 
dry ill the mouth, collects upon the teeth in the form of an 
unsightly, yellow substance, called " tartar," To prevent this 
formation, and to remove other offensive substances, the teeth 
should be frequently cleaned with water, applied by means of a 
soft tooth-brush. 

12. It should be borne in mind ttmt the enamel, Nature's 
protection for the teeth, when once destroyed ie never formed 
anew ; and the body of the tooth thus exposed, is liable to 
rapid decay. On this account, certain articles are to be guarded 

. against ; such as sliarply acid substances that corrode the enamel, 
and hard substances that break or scratch it — as gritty tooth 
powders, metal tooth-piclra, and the shells of hard nuts. Sud- 

, den alternations from heat to cold, when eating or drinking, 
dso tend to crack the enunicl. 

13. The Action of the Saliva. — While the morsel of food 
B cut and groimd by the tuoth, it is at the same time intimately 

I mixed with the saliva, or fluids of the mouth. This constitutes 
l" the second step of digestion, and is called " insalivation." The 
I aaliva, the first of the digestive solvents, is a colorless, watery, 
and frothy fluid. It is secreted (/. e. separated from the blood) 
|jartly by the mucous mcmbrdae wliich lines the mouth; but 
, chiefly by the salivary- 
glands, of which there 
arc tliree pairs situ- 
ati'd near the mouth. 

14. These glanda con- 
sist of clustcra of very 
small {wuches, aromid 
which a delicate net- 
work of blood-vesselB 
IB arninged : they emp- 
ty iiiti) the mouth by 
mcMia lit ViU,le tubes 
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or ducts. The fiuw from these glands ia at all tiinos snlficiant 
to maintain a soft and moist condition of the tongue and mouth ; 
but when thoy are usi^itaJ 
by the presence and taste of 
food, they pour forth the 
y saliva more freely. In the 
..■'^ horse and other auimalK, 
tiiat feed upon dty and 
i^i.Mirse fodder, and require 
an ahundant supply of saliva, 
we lind largo salivary glands, 
as well as powerful muscles 
^ .. ™ ^ ,. ... of mastication. 

Fio, It.-TuE Heap or a Scirse, ifauwlng the 
Inrge aalivary cUnd (0), Ita duct |SI, lliB |5, The mingliUK of the 
musolEaofiii»»t.mUon(e,d,.,/,.i.ao>. . ^ ° 

saliva with the food seems a 
simple process, but it is one that plays an important [>art in 
digestion. In the titst place, it facilitates the motions of masti- 
cation by moistening the food and lubricating the varimia 
organs of the mouth. Secondly, it prepares the way for other 
digestive acts : by the action of tlie teeth, the saliva ia forced 
into the solid food, softens the harder substances, and assists in 
converting the whole morsel into a semi-solid, pidpy mass, tluit 
can be easily swallowed, and readily mixed with other digestive 
fluids. Tlie saliva also, by dissolving certain substances, as 
sugar and salt, develops the peculiar taste of each ; whereas, if 
the tongiie be dry and coated, they are tasteless. Hence, if 
substances are insoluble, they are devoid of taste. 

16. Finally, the saliva has the property of acting chemically 
upon the food. As we have before stated (Cliap. IV,}, starch, 
in order to become nutriment, must first ho changed to grape 
sugar. This change is, in part, effected by the saliva, and tekos 
place almost instantly, whenever it comes in contact with 
cooked starch. This is due to an organic ingredient of the 
saliva caUed pti/aliTi. 
1^.17. Importance of Mastication and VnwVwiVkW.— ^a>&^ '^'v 
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^^M these processes complpnienta the other, and by their joint action, 
^^H they prepare the feoil in the best possible manner fur further 
^^^ digestive changes. The Gtudy of the.se preliminary functions 
^^B will appear the more important, 'when we reflect that they are 
^^H the only ones which we can regulate by the will. For, as soon 
^^r as the act of swallowing begins, the food not only passes out of 
^^ siyht, but beyond control ; and the subsequent acts of digestion 
are consequently involuntary and unconsciously performed. 

18- It is generally known that rapid eating interferes with 
digestion. How does this occur T In the first place, the flow 
of the saliva is insufficient to moisten the solid parte of the 
food, so that they remain too hard and dry to be easily swallowed. 

^^H This leads to the free and frequent use of water or some other 
^^B beverage, at meals, to " wash down " the food, — a most pernici- 
^^V ona practice. For these fluids, not only cannot take the place 

of the natural digestive juices, but, on the contrary, dilute and 

weaken them. 

19- Secondly, the saliva being largely the medium of the 

• sense of taste, the natural flavors of the food are not developed, 
and consequently it appears comparatively insipid. Hence the 
desire for highly-seasoned food, and pungent sauces, that both 
deprave the taste and over excite the digestive organs. Bapid 
eating also permits the entrance of injurious substances which 
may escape detection by the taste, and be unconsciously received 
into the system. In some instances, the most acrid and pcnson- 
ous substances have frequently been swallowed " by mistake," 
before the sense of taste could act, and demand their rejection. 
20. Thirdly, the food, being imperfectly broken up by the 
teeth, is hurried onward to the stomach, to he by it more 
thoroughly divided. But the stomach is not at all adapted 

I to perform the task thus imposed upon it, Hence persons 
who liabitually eat too rapidly, frequently fell victims to dys- 
pepsia. Rapid eating also conduces to overeating. The food is 
introduced so rapidly, that the system has not time to recognize 
t&ai iis real wmts are met, and hence Wie a-^'sw\.\\ft wnrtuiues. 
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althouglt more nutritncnt )ias been swiiUowod tliati lliu Eysteni 
requires, or can healthfuJly ii^|ni>iiriate, 

21. The Stomaoh- — As Mion na cncli separate portion of food 
is masticated and insalivatod, it is ewallowod ; thai is, it ie 
eauBed to move downward 
to the stomach, through 
a nanow muscular tube 
about nine iiithcs in 
length, called the wioiph- 
npiw, or gullet (Fig. 
16). Tlie stomadi is the 
only largo expansion of 
the digestive canal, and 
is a most important or- 
gan of digestion. It is 
a hollow, pear-Bhni>tM.i 
pouch, having a CQj«city 
<jf three pints, in the 
adult. 

22. TIte stomach has 
also two openings; that 
by which food enters, l)e- 
ing situated near the 
heart, is called thetardiae, 
or heart oiifice; tlie other 
is the pylorus, or " gale- 
keeper," which guards the entrance to the intestines, and, under _ 
ordinary circumstances, permits only such matters to pass it as 
have iirst been properly acted upon in the stomach. Coins, 
buttons, and the like are, however, readily allowed to pass, be- 
cause they can bo of no use if retained. Tlie soft and yielding 
texture of the stomach indicates tliat it is not designed to crush 
and break-up solid articles of food. 

23. The Gasiric Juice. — We have seen how the \i'K9kosr. 
food ia the moYxth oxcites the saiVWarj- '^■m\4s,, «»»•'»».% '^'*' 




^^fo 



w 



ijuickly to flow. In tliu same manner, when food reaches 
the atoniaoh, its inner lining, tho mucous membrane, is at once 
excited to activity. At first its surface, which while the 

























stomach is empty presents a pale pink hue, turns to a bright ' 
red color, for tlie minute blood-vesaela which course through it, 
are filled with blood. Prestmtly a clear, colorless, and acid fluid 
flows out, drop by drop, from millions of little tubes, until 
I finally the inner surface is moistened in every part, and the 
fluid begins to mingle with the food. Tiiia fluid is termed the 
0a.ttrio juice. 
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24. The gaetric juice diBaolvos curtain articles of food, eBpti- 
cially those belonging to the albumiiioid class. Tlits solvent 
power is due to its pecidiar ingrwlient, ;*7«i'h. Tlie quantity 
of gastrii; jiiico secreted daily is very large, proljably not less 
than three or four pints at each meal. Though this fluid is 
used in the di^restiun of the food, it is not lost ; since it is soon 
re-abeorlied by the stomach, together with those part* of the 
fowl which it has digcsti;d and holds in solution. 

25. Movements of the Stomach.— The inner coating of 
the stomach is the niuuoua membrane, which, as we have seen, 
furnishes the gastric juice. Next to this coating lies another, 
called the muscular coat, composed of muscular fibres, some 
of which run circularly, and others in a longitudinal direction. 
These expand to accommodate the food as it is introduced, and 
contract an it passes out. In addition, these tibres are in con- 
tinual motion while food remains in the stomach, and they act 
in such a manner that the contents are gently turned round from 
side to side, or from one end of it to the other. 

26. By these incessant movenjents of the stomach, the gas- 
tric juice comes in contact with all parts of the food. We are, 
however, not conscious that these movements take place, nor 
have we the power to control them. When such portions of 
the food as are sufficiently digested approach the pylorus, it 

- expands to allow them to pass out, and it closes again to con- 
fine the residue for further preparation. 

27. The knowledge of these and other interesting and in- 
structive facts has been obtained by actual observation ; the 
workings of the stomach of a living human being have been 
laid open to view and examined— the result of a remarkable 
accident. Alexis St. Martin, a Canadian voijageiir, received a 
gun-shot wound which laid open his stomach, and which, in 
healing, left a permanent orifice nearly an inch in diameter. 
Through this opening the observer coutd watch the progress of 
digestion, and experiment with different articles of food. 

L 28. Gastno Digestion.— What portian* ci^ ^^^ "tw^ ""^ 
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the stomach 1 It w: 
great cliangeB ot digestion were 
gatinn has tau^'ht iis better. 

digestion takus plac 



(IS formerly thought that all the 
wrought here, but later investi- 
We now know that the first 
.e in the moutli, in the partial 
conversion of starch into sugar. We also know that, of the 
three organic food principles (considered in Chapter IV.) two — 
the fats and the sugars— are but slightly affected by the Ktomacfa ; 
hut that its action is confined to that third and very important 
flass, from which the flesh is formed, the albuminoids. A few 
articles need no preparation before entering the eystem, as 
water, salt, and fruit-sugar. These are rapidly taken up by the 
blood-vessels of the stomach, which everywhere underlie its 
mucous membrane in an intricate and most delicate network. 
In this way the work of absorption begins. 

29. The albuminoid substances are speedily attacked and 
digested by the gastric juice. From whatever source they are 
derived, vegetable or animal, they are all transformed into the 
same digestive product called albiiyninnse. Tliie is very soluble 
in water, and la in part absorbed by the blood-vessela o( the 
stomach. After a longer or shorter time, varying from one to 
five hours, accoriling to the individual and the quantity and 
quality of his food, the stomach will be fflund empty. Not 
only the nnabanrbed digesterl food, but also those snbatances 
which the stomach could not digest, have passed little by little 
through the pylorus, to iindei^ further action in the intestines. 
At the time of its exit the digested food is of a pulpy consistence, 
and dark color, and is then knoiiii as the rhipae. 

30. The Intestines. — The intestines are continuous with 
the Btomach, and consist of a fleshy tube, or canal, twenty-five 
feet in length. The small intestine, whose diameter is altout 
one inch and a half, ia twenty foet long and very winding. 
The large- intestine is much wider than the former, and five 
feet long (Fig. 23). In the small intestines, the work of diges- 
tion is completed, the large intestine receiving from them the 
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indigestible residue of the food, and in time expelling it from 
the body. 

31. Intestinal Digestion. — As soon as the food jiasses the 
pylorus and begins to accumulate in the up|)er part of the 
intestines, it excites the flow of a new digestive fluid, which 
enters through a small tube, about three inches Ijelow the 
stomach. It is formed by the union of two distinct fluids — 
the bile and the pancreatic juice. The bile is secreted by the 
liver, the largest gland of the body, and is constantly formed, 
but it flows most rapidly during digestion. During the inter- 
vals of digestion it is stored in the gall-blaflflery a small mem- 
branous bag attached to the under side of the liver. This fluid 
is of a greenish-yellow color, having a peculiar smell, and a very 
bitter taste. 

32. The pancreatic juice is the product of a gland called the 
pancreaSf situated behind the stomach. This fluid is colorless, 
viscid, and without odor. By the joint action of these fluids, 
the fatty parts of the food are made ready for absorption. 
There results from this action a white and milky fluid, termed 
the chyle, which holds in solution the digestible portions of the 
food, and is spread over the extensive absorbent surface of the 
small intestines. * 

33. The mucous membrane of the intestines, also, produces 
a digestive fluid by means of numerous minute glands ; this is 
called the intestinal juice. From experiments on the lower 
animals, it has been ascertained that this fluid exerts a solvent 
influence over each of the three organic food principles, and in 
this way completes the action of the fluids previously mentioned, 
viz., — of the saliva in converting starch into sugar, of the gastric 
juice in digesting the albuminoids, and of the pancreatic juice 
and bile in emulsifying the fats. 

34. Absorption. — With the elaboration of the chyle, the 
work of digestion is completed ; but it has not yet become a 
part of the blood, by means of which it is to reach the different 
parts of the body. The process by which the liquefied food 
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pftSEBS out of the alimentary canal into the blood is called 
absorption. Thia is acc.oiuplished in two ways; first, by the 
lUiiid'Cfjisels. We have seen how the inner membrane of the 
atomach is underlaid by a tracery of minute and numerous ves- 
■1b, and how some portiona of the food are by them absorbed. 
Tlie KUpply of blood-veBsels to the intestines ia even greater ; 
particularly to the small intestines, where the work of absorp- 
tion is most carried on. 

39. The absorbing surface of the small intestines, if con- 
aidereil as a plane surface, amounts to not less than half a 
square yard- Besides, the mucous membrane is formed in folds 
with an immense number of thread-like prolongations, called 
viUi, which indefinitely multiply its absorbing capacity. These 
Tilli, give the surface the appearance and smoothness of velvet; 
and during digestion, they 
dip into the canal, and, 
by means of their blood- 
vessels, absorb its fluid 
contents, just as thespOTiyi- 
ofes which terminate the 
rootlets of plants, imbibe 
moisture from the aur- 
roimding soil. 

36. Secondly, absorp- 
tion is also effected by 
the ladeals, a set of ves- 
sels peculiar to the smalt 
intestines. These have 
their beginnings in 
little villi just mentioned, 
side by aide with the 
blood-vessels. These two 
sets of absorbents mn 
ditferent courses but their destination is the same, which ie the 
right sidn jf the heart The lacteals receive their name from 
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their milky- white appnamnce. After a meal containing a portion 
«f fat, tliey are distenikd with cliyle, which they are siMcrially 
adapted to receive. The latteals all unite to form oue tutte, the 
thoi-acic diKt, wliich passes upward through the thorax, or cheat, 
and empties into a large vein, situated juat beneath the left coi- 
lar-bone. 

37. Circumstances affeoting Digestion. — Wliat length of 
time is required for the digestion of fouiU From ohservations 
njade, in the case of St. Martin, the Canadian already referred 
to, it has been ascertained that, at the end of two hours after a 
meal, the stomach is ordiuarUy empty. How much time is 
needed to complete the digestion of food, within the small in- 
testines, is not certain ; hut, from wliat we have learned reHpect- 
ing their methods of action, it must be evident tliat it lai^ly 
depends upon the amount of starch and fat wliich the food con- 

38. In addition to the preparation which the food undergoes 
in cooking, which we have already considered, many circum- 
stances alfect the duration of digestion ; such as the quality, 
quantity, and temperature of the food ; the condition of the 
mind and body ; sleep, exercise, aud habit. Fresh food, except 
new bread and the flesh of animals recently slain, is more 
rapidly digested than that which is stale ; and animal food 
more rapidly tlian that from the vegetable kingdom. 

39. A wine glassful of ice-water causes the temperature of 
the stomach to fall thirty degrees ; and it requires a half-hour 
before it will recover its natural warmth. A variety of articles, 
if not too large in amount, is more easily disposed of than a 
meal mode of a single article ; although a single indigestible 
article may retard the digestion of a meal that without it would 
be easily digested. 

40- Strong emotion, whether of excitement or depression, 
checks digestion, as do also a bad temper, anxiety, business 
, and bodily fatigue Tlie majority of these conditions 
pake the mouth dry, that i^ ilifv restrain the flow of the saliva; 
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and without doubt they render the stomach dry also, by p»- 
venting the flow of the gastric juice. And, as a general rule, 
we may decide, from a parthed and coated tongue, that the 
condition of the stomach ia not very dissimilar, and that it is 
unlit for the performance of digestive labor. This is ona of the 
points which the physician bears in mind when he exainines 
the tongue of his patient. 

41. The practice of eating at short intervals, or " between 
meals," as it is called, has its disadvantage, aa well aa rapid 
eating and over-eating, since it robs the stomach of its needed 
period of entire rest, and thus overtasks its power. With the 
exception of infants and the sick, no persons require food more 
frequently than once in four hours. Severe eierciae either 
directly before or directly after eating retards digestion; a 
period of repose is most favorable to the proper action of the 
stomach. The natural inclination to rest after a hearty meal 
may be indulged, but it should not be carried to the extent of 
sleeping ; since in tliat state the stomach, as well as the brain 
and the muscles, seeks release from labor. 

42. Effect of Alcohol upon Digestion.— "The irritating 
effects of alcohol ujwn the lining of the stomach are first seen 
in deranged digestive action, in loss of appetite, and at a later 
stage, in changes in the stomach's structure, principally by a. 
thickening of the walls of that organ." 

Aloohol and Dl^Mtlon,— The effects of a[aoho] upon di^eHtion vmry greatly 
aceordlng to the quantity imbibed ; It may act m ■ tumporat? check, « in luige 
dnSM It may domplelaly arrest the iligDBUve act ; vomitins !■ fmiiaeatJy Induced, 
the atomaeh thua rreeing Itself ttoai the hnrtfal lntrud«r. The haUCual use oF iplrite 
often glies rlae to a most diatresaini; mm ot dyipepela. 

Syapepala due to AlcohoL— *'Uany cans of dyspepsia are due to aJcohol 
nHely anil whuUy, and no reliance vhslevcr can be placed npon the word, statement 
ortiie asserUon under oath of a drunkard : fn- '■ drunkard la a liar,' And this hidda 
good of both sexes, all aRtia, overywhe™ and evtT."-Dr. J. M. FoUtrsUL 

EtfWt upon the Appetite.— At a Pe»™ ConEresa held at Frankfort, Oeraany, 
the lon.kcopcra IbuTid IthtH^asary tolut:t¥aBe the price of board of the strautfon attend- 
ing' the congreas, the majorl^ of whom were teetoUlers, Ibr the reuon tlwt their 
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"Dr. Beaumont was able to observe the condition of the 
stomach of Alexis St. Martin (see paragraph 27, page G7) after 
alcoholic excesses. He states that the surface of the organ was 
overcharged with blood, at times drops of blood exuding from 
it ; and that its secretions became thick, unnatural, and slightly 
tinged with blood. It is a fact beyond dispute that other organs 
concerned in the act of digestion, particularly the liver, become 
diseased by the habitual use of spirituous liquors." 

" By direct contact, alcohol acts upon the stomach and leads to a destraction of its 
secreting tubnles. Nothing with such certainty impairs the appetite and the digestive 
power as the continued use of strong aliwholic liquids. From the stomach it is ab- 
sorbed, and with its distribution through the system it interferes with nutrition and 
leads to a diseased state of the liver, kidneys, and other organs." — Pavy. 



CrOrdials, Bitters, etc.— In health, alcohol no wise plays a flriendly part in 
regard to digestion. And it is just here that a mistake is made by many persons who 
have been deluded into the use of what are termed ' cordials' ; these are very strong 
alcoholic liquors, and they are supposed by those who use them to be especially appro- 
priate at the end of a h^urty meal. Absinthe, the pet poison of the Parisian, is one of 
these folsely-named ' cordial ' substances. These cordials are never less welcome than 
after a substantial meal." So many misleading names have been given to beverages 
(Cordials, Bitters, etc.) that many persons have used them without knowing the evil 
consequences which follow. It is made clear by recent proofo that the so-called cor- 
dials are the most rapidly poisonous of all the spirituous beverages. 

The Di^restibility of Solid Foods.— The accompanying table shows some of 

the results obtained from the experiments of Dr. Beaumont upon the stomach of Alexis 

St. Martin. It will surprise many to find that vegetable foods - they are placed in the 

latter part of the table— require, as a rule, as much time for digestion as animal food. 

TloM re- 



Food. 



Mod* of 
Cooking. 



Time re- 

anirod for 

dIgmUon. 

h. m. 



Pork roasted 6 16 

Cartilage boiled 4 15 

Ducks roasted 4 

Fowls do 4 

Do boiled 4 

Beef ftried 4 

Eggs do. 3 SO 

Do hard boiled.. 3 30 

Cheese 3 30 

Oysters stewed 3 30 

M utton roasted 3 15 

Do boiled 3 

Beef. roasted 3 

Do boiled 2 45 

Chicken fricasseed.... 2 45 

Lamb broiltnl 2 30 

Pig (suckling) roasted 2 80 

Ooose do 2 80 

Gelatin boiled 2 30 

Turkey do. 2 25 

I^ggs.... roasted 2 15 

Cod Fish (cured, dry)... boiled 2 

Ox Liver broiled 2 

Venison Steak do 180 



Food. 



Mod* of 
Cooking. 



inired for 



anfred for 

dig«Btlon. 

h. m. 

Salmon Trout boiled 1 30 

Eggs (whipped) raw 1 30 

Tripe (soused) boiled 1 

Pig 8 Feet (soused) do 1 

Cabbage boiled 4 

Beetroot do 8 45 

Turnips do 8 80 

Potatoes do 3 30 

Wheaten Bread bake<l 3 80 

Carrot boiled 8 15 

Indian Com Bread baked 8 15 

Do. Cake do 8 

Apple-dumpling l)oiled 3 

Potatoes baked 2 33 

Do roasted 2 30 

Parsnips boiled 2 80 

Sponge Cake baked 2 80 

Beans boiled 2 30 

Apples (sour) raw 2 

Barley boiled 2 

Tapioca do 2 

Sago do 145 

Apples (sweet) raw 1 80 

Rice boiled 1 



{For further iiuUter on Alcohol seep. 87.) 
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QUESTIONS FOR TOPICAL REVIEW. 

PAOK 

1. What do you understand by nutrition? 57 

2. How is the process of nutrition carried on ? 57 

3. Describe the general plan of digestion 57 

4. How is the process of mastication carried on? 58 

5. State what you can in relation to the formation of the teeth 58 

6. What, in relation to their arrangement? 59 

7. What, in relation to the process of "shedding?" 69 

8. In relation to the different forms of teeth in different animals ? 60 

9. What causes operate to injure or destroy the teeth ? 61 

10. What suggestions and directions are given for the preservation of the teeth ? 62 

11. What do you understand by insalivation ? 62 

12. How is the process of insalivation carried on ? 63 

13. Of what importance is the saliva to the process? 63 

14. Of what importance are mastication and insalivation ? 63 

15. Describe the consequences of rapid eating 64 

16. What becomes of the food directly after it has undergone mastication and 

insalivation ? 64 

17. Describe the location and formation of the stomach 65 
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1. The Blood. — Every living organism of the higher sort, 
whether animal or vegetable, reijuires for the maintenance of 
life and activity, a circulatory fluid, by which nutriment is 
distributed to all its parts. In plants, this fluid is the sap ; in 
insects, it is a watery and colorless blood ; in reptiles and 
tishes, it is red but cold blood ; while in the nobler animals and 
man, it is the red and warm blood. 

2. The blood is the most important, as it ia the most abun- 
ilant, fluid of the body ; and upon its presence, under certain 
definite conditions, life depends. With the exception of a few 
tissues, such as the hair, the nails, and the romm of the eye, 
blood everywhere i>ervades the body, as may be proven by 
puncturing any part with a needle. The total quantity of blood 
in the body is estimated at about one-eightli of its weight, or 
eighteen pounds. 

1 The color of the blood, in man and the KI^m a»\nwiia,^ia 
well knows, is n-d ; but it varies Jtom a. \iw^''. ?k»-'^«^'^ *«> ■»■ 
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^^Bfluk purple, according to the part wlience it ia taken. " Blooil 
^^^Hb Uiicker tliou water," ae tlie adage truly states, and has a glu- 
^^VSnous quality. It has a faint odor, reacmbling that peculiar to 
the animal from which, it ia taken. 

4. Wlieu examined under the ndcroecope, the Hood no 
longer iippears a simple fluid, and its color ia no longer red. It 
Ib then seen to be made up of two distintt parts ; licBt, a clear, 
colorless fluid, called the piagma ; and secondly, of a multitude 
of minute soUd boiUes, or corpuaclea, that flout in the watery 
plasma. The plasma, or nutritive liqnid, is composed of water 
richly cliarged with materials derived from the food, viz., albu- 
men, which gives it smoothness and swift motion ; fihrin ; cer- 
tain fats ; tmeea of sugar ; and various salts. 

5. The Blood Corpuscles. — In man, these remarkable 
"little bodies," — for that is the meaning of the word corjifuwfo* 
— are of a yellow color, but by their 
vast numbers impart a red hue to 
the blood. They are very small, 
and if piled one above another, it 
would take at least 14,000 of thoiii 
to stand an inch high. 

6. Tlie corpuscles, just described, 
ore known as the red blood-cor- 
puscles. Beside these, and float- | 
ing along in the same plasma, s. 

the white corpuscles. These t __ 

fewer in number, but lai^r and 

globular in form. They are colorless, and their motion is less 
rapid than that of the other variety. The total number of both 
varieties of these little bodies in the blood is enormous. It is 
calculated that in a cubic inch of that fluid there are eighty- 
three millions, and at least five hundred times tliat number in 
the whole body. 

7- Coagulation. ^The blood, in its natural condition in the 
^L boily, remains perfectly fluid; but, witliin a fuw minutes after 
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its removal from its proper vessels, a change laki:>H place It 
bpginB to coagulate, or assume a scmi-Botid cousisteuce. If 
allowed to atanil, after aevenil lioiirs it aejiaratea into two dis- 
tinct parts, one of them tlie coagulum, or clot, which is Jieavy 
and sinks ; and the other, a clear, straw-colorod liijiiid, called 
serum, which uoviirs tlie elot. 

8- In this law of coEiguliition of the blood is our safe^'iini'd 
against death by hemorrhage, or loss of blood. If coaj^ation 
were impossible, the slightest injury in drawing blood would 
prove fatal. Whereas now, in ordinary small woimiis, bleeding 
ceases, because the blooil, aa it coagulates, stops the mouths of 
the injnred blood-vessels. When the larger vessels are cut or 
torn, it is oommonly sufficient to dose thom by a temporaty 
pressure ; for in a few minutes the clot will form and seal them 
up. In still more serious coses, where the blood-vessel is of 
large size, the suigeon is obliged to tie a " ligature " about it, 
thereby preventing the force of the blooil-current from washing 
away the clots, which, farming within and around the vessel, 
close it effectually. 

B. The Uses of the Blood. — The blood is the great pro- 
vider and p\iritier of the bLKly. It both carries new materials 
to all the tissues, and removes the worn out particles of matter. 
Tliia is eft'ectetl by the pliisma. It both conveys oxygen and 
removes carbonic auid. This is done through the corpuscles. 

10. Change of Color — The blood luulergoes a variety of 
elianges in its journey through the system. Aa it visits the 
different organs it both gives out and takes up materials. In 
one place it is enricheil, in anuther it is impoverished. By 
reason of these alterations in its composition, the blood also 
changes its color. In one part of the body it is bright red, or 
arterial ; in another it is dark blue, or venous. In the former 
case it is pure and fit for the support of the tissues ; in the 
latter, it is impure and charged with worn-out materials. (The 
details of the change from dark to bright will be given in the 
chapter on Respiration.) 



J 



^Eb 



THE CIRCULATION. 



II. CiPOulation.— The blood is in constant motion duringS 
From the heart, as a. centre, a current is always setting' towanl 
the (iiffereot oi^ana ; and from these otgans a current is con- 
stantly returning to the heart In this way a ceaseless circular 
movement is kept up, wliich is called the Circulation of the 
Blood. This stream of the vital fluid is confined to certain 
fixed channels, the blood-vessels. Those branching from the 
heart are the arteries ; those converging to it are the veins. 
Tile true course of the blood was unknown before the beginning 
of the seventeenth century. In 1619 it was discovered by the 
illuatrioua William Harvey. Like many other great discoverers, 
he suffered persecution and loss, but imlike some of them, he 
was BO fortimate as to conquer and survive opposition. He 
lived long enough to 
see his discovery uni- 
versally accepted, and 



benefactor of mankind. 
12. The Heart.— 

The heart is the central 
engine of the circula- 
tion. In this wonder- 
ful little organ, hardly 
larger than a man's fist, 
resides that sleepless 
force by which, during 
the whole of life, the 
current of the blood is 
kept in motion. It is 
placed in the middle 
and front part of the 
chest, inclining to the 
leftrsida The heart-heat 
may be felt and heiird 
the fifth and 
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Sixth ribs, nPAr the breast- bnu'. The shape of the heart is 
conical, with tlie point downward ami in front Tlie hasp, 
which ie upwanl, is attached »> af to hnU it securely in its 
place, while the point is freely movahle. To avoid friction, 
the heart is cncloseil between two layi-ra of serous mrmbnine, 
witich fomiE a kind of sac This menibrano is as smooth as 
satin, and itself secretes a fluid in sufficient r^naiitities to keep 
it at all times woU lubricated. The lining ntendimno of the 
heart, likewise, is extremely delicate and smooth. 

13. The Cavities of the Heart.— The heart is hollow, and 
so partitioned a,s to contain four chamb^'rs or cavities ; two at the 
base, known as the auricles, from a fancied resfiniblanco to the 
ear of a dog, and Iwo 
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at the apex or pfint, 
. called venti-ide^. An 
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on the same side, com- 
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other, but there is no 
opening from side to 
side. The right side 
^ always carries the dark 
or venous blood, and 
the left always circu- 
lates the bright or arte- 
rial blood, 

14. If we examine 
the heart, we at onco 


A, Riflht Vmtricle. E, 
T>. lift Anricle."* 


W 


'Artiiy, 


notice that though its 

ci*9- various chambers have 

about the same capacity, 

the walls of the ven- 


tticles are thicker and stronger than those of the auricles. This J 
ia a wise provision, for it is by the poweiful action of the for- 1 
mer that the blood k forced to the most tftiQ'it''. TO^<m% rS-Shja 1 



I 
I 



THE CIHCULATION'. 

body. The auricles, on the contrary, necil much less powte^ 
they simply dlBchargti their contents into the cavities of the 
heart near at hand and below them — into the ventricles. 

15. Action of the Heart. — The substance of the heart is of 
a deep red color, and its fibres resemble those of the volimtary 
muscles by which we move our limbs. But the heart's 
ments are entirely iuvoluntaiy. The advantage of this is evi- 
dent ; for if it depended upon \>s to will each movement, our 
entire attention would he thus engaged, and we would find no 
time fnr study, pleasure, or even sleep. The action of the heart 
consists in alternate conttactions and expansions. During con- 
traction the walls come forcibly together, and thus drive out 
the blood. Tlien they expand and receive a renewed supply. 
These movoraenta are called syxiolv and diastole. The latter 
may be called the heart's period of repose ; and although it lasts 
only during two-fifths of a heart-beat, or about a thiid of a 
second, yet during the day it amounts to more than nine hoars 
of total rest. 

16' A remarkable property of the tissue of the heart is ite 
intense vitality. For while it is more constantly active than 
any other organ of the body, it is the last to part with it« vital 
energy. This is especially interesting in view of the fact that 
after life is apparently extinguished, as from drowning, or 
poisoning by chloroform, there yet lingers a spark of vitality in 
the heart, which, by continued eifort, may be fanned into a 
flame so as to revivify the whole body. 

17. Passage of the Blood through the Heart — Let m now 
trace the course of the blood through the several cavities of the 
heart. In the first place, the venous blood, renderetl dark and 
impure by contact with the changing tissues of the body, retuma 
to the right heart by the veins. It enters and fills the right 
auricle during its expansion ; the auricle then contracts and fills 
ight ventricle. Almost instantly, the ventricle contracts 
forcibly and hurries the blood along the great artery of the 
lungs, to W purified in those organs. Secondly, having com- 
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pleted the circuit of tlifi lungs, thn pure nnd bright artenal 
hlixxl entere the left auricle. This now contracts and fills the 
left ventricle, wliich cavity, in its turn, contracts and sends the 
blood forth on its journey again through the Bjatem. Thia 
general direction from right to left is the uuiforui eouree of 
heart-currents. 

18. The mechanism which compels this regularity is as simple 
as it is beautiful. Each ventride has two openings, an inlet 
and an outlet, each of which is guarded by strong curtains, or 
valves. These vnlvos open freely to admit the blood entering 
from the right, but close inflexibly against its return. Thus, 
when the auricle contracts, the inlet valve opens ; but as soon 
as the ventricle begins to contract, it closes promptly. The con- 
tents are then, so to speak, cornered, and have but one avenue 
of escape, that through the outlet valve into the arteries beyond. 
As soon as the ventricle begins to expand again, this valve shuts 
tightly and obstnicts the passage. The closing of these valves 
occasions the. two heart-sounds, which we hear at the front of 
the qliest. 

19. Frequency of the Heart's Action.— The idtemation of 
contraction and expansion constitutes the heart-beats. These 
follow each other not only with great regularity, but with great 
lapiility. The average number in an adult man is about seventy- 
two in a minute. Heat, exercise, and food increase its action ; 
cold, fasting, and sleep diminish it. Posture, too, has a curious 
iniiuence ; for if while sitting, the beats of the heart number 
seventy-one, standing erect will increase them to eighty-one, 
and lying down will lower them to sixty-six. 

20. The modifying influence of mental emotions is very 
powerful Sudden excitement of feeling will cause the heart 
to palpitate, or throb violently. Depressing emotions some- 
limes temporarily interrupt its movements, and the person faints 
in consequence. Extremes of joy, grief, or fear, have occasion- 
ally suspended the heart's action entirely, and thus caused 
death. 
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21. Again, if we estimate the amuuiit of blood expellee 
each contraction of the ventricle at four ounces, then the 
weight of the blood moved during one minute will amount to 
eighteen pounds ; and in the course of a lifetime, ( 
hundred and fifty thousand tone. These large figures indicate, 
in some moaaurc, the immense labor necessary to carry on the 
interior anil vital operations of our bodies. 

22. The ArterieB, — The tube-like canals which carry the 
blood away from the heart are the arteries. Their wallB are 
made of tough, fibrous materials, so that they sustain the mighty 
impulse of the heart, and are not ruptured. In common with 
the heart, the arteries have a delicately smooth lining mem- 
brane. They are also elastic, and thus re-enforce the action of 
the heart : they always remain open when cut across, and after 
death are always found emptied of blood. 

23. Tlie early anatomists observed this condition, and sup- 
posing that the same condition existed during life, came to the 
conclusion that these tubes were designed to act as air-vessela, 
hence the name artery, from Greek words which signify " con- 
taining air." This circumstance affords us an illustration of the 
mistaken notions of the ancients in reference to the internal 
operations of the body. Cicero speaks of the arteries as " con- 
veying the breath to all parts of the body." 

24. The arterial system springs from the heart by a single 
trunk, like a minute and hollow tree, with numberless branches. 
As these branches leave the heart they divide and subdivide, 
continually growing smaller and smaller, untd they can no 
longer be traced with the naked eye. If, then, we continue 
the examination by the aid of a microscope, we see these amall 
branches sending off still smallei ones, untQ all the organs of 
the body are penetrated by arteries. 

25. The Puls6. — With each contraction of the left side of 
the heart, the impulse causes a wave-like motion to traverse the 
entire arterial system. If the arteries were exposed to vioir, 

might see successive waves speeding frotu the heart If) %la 
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emallest of the bmnchos, in about one-sixth part of a eccond. 
The general course of the arteries is as far as possible from the 
BUrfaee, This arrangement is certainly wise, as it renders 
them less liable to injury, the wounding of an artery being 
especially dangerous. It also protects the arteries fnim external 
and unequal preaeure, by which the force of the heart would be 
counteracted and wasted. Accordingly, we generally find these 
veasels hu^ng close to the bones, or hiding behind the muscles 
and witliin the cavities of the body. 

26. In a few situations, however, the arteries lie near the 
surface ; and if we apply the finger to any of these parts, we 
will distinctly feel a throbbing motion taking place in harmony 
with the heart-beat. This is part of the wave-motion just men- 
tioned, and is known as "the pulse." All are familiar with 
the pulse at the wrist ; but the pidso is not pecidiar to that 
position, for it may be felt in the neck, at the temple, and else- 
where, especially near the joints. 

27. Since the lieart-beat makes the pulse, whatever affects 
the former affects the latter also. Accordingly, the pulse is a 
good index of the state of the health, so for as the health de- 
pends upon the action of the heart. It informs the physician 
of the condition of the circulation in four particulars : its rate, 
regularity, force, and fullness ; and nearly every disease modifies 
in some respect the condition of the pulse, 

28. The Veins. — The vessels by which the blood returns to 
the heart are the veins. At first they arc extremely small ; but 
uniting together as they advance, they constantly increase in 
size, reminding us of the way in which the fine rootlets of the 
plant join together to form the lai^'e roots, or of the rills and 
rivulets that flow together to form the large streams and rivers. 
In structure, the veins resemble the arteries, but their walls are 
much less clastic. They are more numerous, and communicate 
with each other freely in their course, by means of interlacing 
branches. 

29. But the chief point of the distmction is in the presence 
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nf tbo valvpB in the veinfi. These are little folds of membrane, 
dispoaed in such n way, that they 
ouly open to receive blood flowing 
toward the heart, and close against 
a current in the opposite direction. 
' Their position in the veins on the 
back of the hand may be readily ob- 
served, if we first obstruct the return 
THE Vktbb. (if blood by a cord tied around the 

forearm or wrist. In a few minutes the veins will appear 
swollen, and upon them will be seen certain promineneee, 
about an inch apart. These latter indicate the location of tfao 
valves, or, rather, they bIiow tliat the vessels in front of the 
valves are distended by the blood, which cannot force a passage 
hack through them, 

30. This simple experiment proves that the true direction of 
the venous blood is toward the heart. That the color of the 
blood is dark, will be evident, if we compare the hand thus 
bound by a cord with the hand not so bound. It also proves 
that the veins lie near the sm'face, while the arteries are beneath 
the muacles, well protected from pressure ; and that free com- 
munication exists from one vein to another. If now we teat the 
temperature of the constricted member by means of a thermom- 
eter, we will find tliat it is colder than natural, although the 
amoimt of blood is larger than usuaL From tliis fact we infer, 
that whatever impedes the venous circulation tends to diminish 
vitality j and hence, articles of clothing or constrained postures, 
that confine the body or limbs, and hinder the circulation of 
the blood, are to be avoided as injurious to the health. 

31. The Capillaries. — A third set of vessels completes the 
list of the oigans of the circulation, namely, the eapilhtrij vessels, 
so called (from the latin word capillaris, hair-like), liecause of 
their extreme fineness. They are, however, smaller than any 
hair, liaving a diameter of aliout ju'bj of an inch, and can only 
be observed by the use of the microscope. These vessels are 
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the connecting link betwoon tho last of tlie arteries and the lirat 
of the veins, Tlie esiatenco of these vossola was unknown la 
Harvey, and was the one step wanting to conqJeto his Rreat 
discovery. The capillarioe were not diacovered until 1661, a 
short time after the invention of the microscope. 

32, The circulation of the blood, as seen under the micro- 
scope, in tho transparent web of a frog's foot, is a beantif ul sight, 
possessing more than ordinary interest from the fact that some- 
thing very similar is taking place in our own bodies ou a much 
grander scale. It is like opening a secret page in tho history of 
our own frames. We tliere see distinctly tlie tliree classes of 
vessels with their moving contents ; first, the artery, with its 
torrent of blood rushing down from the heart, secondly, the 
vein, with its slow, steady stream flowing in tho opposite ilirec- 
tionj and between them lies tho network of capilJariu> so fino 




that the corpuscles can only pass through " in single file." The 
current of the capillaries has an uncertain or swaying motion, 
hurraying first in one direction, then hesitating, and then turning 
back in the opposite direction, and sometimes the capillaries 
cimtract so as to be entirely cmjity. Certain of the tissues are 
destitute of capillaries ; such are cartilage, hair, and a few others 
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a the exterior of the hody. In ull other Btructures, notwnrks 
of these vessels are spread out ia countless numbers ; so abun- 
dant is the supply, that it is abuost impossible to puncture any 
part with tbe [Kiint of a needle without lacerating tens, or oven 
hnndreda of them. 

33. The liapillarics are elastic, and may so expand as to 
produce an effect visible to the naked ey& Let a grain of sand 
lodge iu the eye and irritate it, and in a short time tlie white of 
the eye will be "blood-shot." This appearance is due to an 

ncre.ise in the size of these vessels. 

34. Rapidity of the Circulation, — That the blood moves 
with 'great rapidity is evident from the almost instant effects of 
certain poisons, as prussic acid, which act through the blood. 
Experiments ujton the horse, dog, and other inferior animals, 
have I«!en made to measure its velocity. If a subetance, which 

■ is capable of a distinct chemical reaction (as jxjtaasmm ffrmcija- 
Mi'rfe, or liariiim nitrate), be introduced into a. vem on one aide of 
a horse, anil blood be taken from a distant vein on the other 
side, its presence may be detected at the end of thirty or thirty- 
two Boconda. In man, the blood moves with greater speed, and 
the circuit is completed in twenty-four seconds. 

35. What length of time is required for all the blood of the 
liody to make a complete round of the circulation 1 This ques- 
tion cannot be answered with absolute accuracy. But we find 

I that, under ordinary circumstances, all the blood makes one com- 
plete rotation every two minutes ; passing successively through 
the heart, the capillaries of the lungs, tbe arteries, the capillaries 
of the extremities, and through the veins. 
36- Assimilation. — Tlie crowning act of the cireulation, the 
fumisliing of supplies to the different parts of the hotly, is 
effected by means of the capillaries. The organs have been 
■wasted by use ; the blood has been enriched by the products of 
digestion. Here, within the meshes of tlie capillary network, 
flie neeily tissues and the needed nutriment are brought to- 
gBther. By sonic mysterioiLs chemistry, each tissue selects and 
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withdraws from the biood the inateriiila it requires, and con- 
verts them into a substance like itself. This cunveraion of life- 
less foi)d into Hving tissue is called unsimiiation. The process 
probably takes place at all times, but the period especially 
favorable for it is during sleep. Then the circulation is slower 
and more n^ular, and most of the functions are at rest. The 
lioily is then like some trusty sliip, which after a long Toyage is 
"hauled up for repairs." 

37. Injuries to the Blood-vessels. — It is important that 
every one should be able to discriminate between an artery and 
a vein, in the case of a wound, and if we remeuiber tlie physi- 
ology of the circulation it wiU be impossible to make n mistake. 
For, as we have already seen, hemorrhage from an artery is 
much more dangerous than tliat from a vein. The latter tends 
to cease spontaneously after a short time. The arterial blood 
flows away from the heart with considerable force, in jets ; its 
color, bright scarlet The venous blood flows toward the heart 
from that aide of the wound furthest from the heart ; its stream 
being continuous and sluggisli ; its color dark. In an injury to 
an artery, pressure should be made between the heart and the 
wound; while in the case of a vein that persistently bleeds, it 
should be made ujwn the vessel beyond its point of injury. 

38. Effects of Alcohol upon the Heart. ^Thc first symptoms 
after a nuKlerute dose of alcohol is an increase of the heart's 
action, a flushing of the face, a sensation of warmth within, a 
general glow without, and some other appearances of increased 
vitality. Tlie action has been that of a spur or goad. It lias 
caused strength to be expended instead of increasing it, and, in 
fact, costs the system whatever amount of force is necesaary to 
expel it ; so that there is a loss of strength, and not a gain. 

39. The late Dr. Pnrkes made a careful study of the amount of 
strain put upon the lieart by alcohol. He found that it increased 
both the number and force of the heart's pulsations. The 
period of rest between the beats is retluced, and, consequently, 
tlie heart's nutrition must be intcrferi-d with. He estimates, in 
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one Bet of experiments, tliat the extra work o( the heart, indaee 
by alcohol, waa equivalent to tho hfting of 15.8 tons one foot 
daily ; and during two days, 24 tons in fsxwjsa of the regular 

40. Alcohol as a Fat Producer. — Alcohol is said to diminish 
waste and to make those " fleahy " who use it. This may well 
be the case in those — and the proportion is not small — ^who are 
rendered sluggish and sleepy hy it. The fat which they acquire 
is the fat of inaction. If we may judge of the true inflneneo 
of alcohol by experiments on the lower animals, that are com- 
pelleil to take it pure, we will not grant it any fattening 
power. 

41. There ia a certain " fatty degeneration " in man — the re- 
sult of alcohol-drinking — that ia very disastrous, namely a 
deposit of fat in the muscles of the body. This is destructive 
or weakening to museiilar power, and when it evinces itself in 
the heart it creates a change that is to be dreaded aa sapping 
the strength of the one particular organ that should be strong 
in drinkers. It attacks them at a vital spot. 

42. The blood also undergoes a fatty clumge which greatly 
imiiaira its work of nourishing the body. 

The Blood. —"Yiin feel qoite mre that bloodia rei, dn yim nnti THll,ltu nn 
more red tMn the water ofs aticsm would '» ir 7<nm>re ti^ mut with Kttts Tcd IbilHS. 
t^uppufle the lldhea to he veiy. very amall, an anialJ bh a gralQ of undi uid cIoAaljr 
rrtiwdod together thrmigh the whole deirth of the etnaiii, the water would look red, 
would it nut? And thin is the nay in whli^li the blood looka red: onlyobeerre one 
thing; Dgr^n ofsBod ias mountain in compariBoo with the little red bodlea that flo»t 
In tlie blond, wbleli we have likened (0 little ftBhei. If 1 were to tell yon they nieu- 
nnid abont the SBOOth part of an inch in diameter, yi.u would not bo mneh the wiser; 
but if I t«ll yoa t3iat in a ^ngie drop of blood, such as might hang on the point of a 
needle, then are a million of tbesa Indies, yon will peteelve that they are both very 
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TABLE OF THE PRINCIPAL ARTERIES. 

(See Fio. 19, opposite Page 78.) 



The Head* 

Internal Ca^rotld, ) _ , xu v j 
Ver'te.bral, *{ Supply the b»U.. 

Oph-thal'mic, supplies the eye. 

External Ca-rot'id(^^^'8^*^» supplies the tongue. 

gives off J ^^'ci-*l> supplies the lower part of the dace. 

( Tem'po-ral, supplies the upper part of the head and lace. 

The Trunk, 

The A-or'ta, arising from the heart, is the main arterial trunk. 

Cor'o-na^ry, supplies the walls of the heart 

Bron'chi-al, supplies the lungs. 

In-ter-oOB^tals, supply the walls of the chest 

Gas'tric, supplies the stomach. 

He-pat'ic, supplies the liver. 

Splen'io, supplies the spleen. 

Be'nal, supplies the kidney. 

Mes-en-ter'ios, supply the bowels. 

Spi'nal, supplies the spinal cord. 

The Upper Uinb. 

Branches of the Ax-il-la'ry, supply the shoulder. 
*^ ** Bra'ohi-al, supply tlie arm. 

-, ,, ' > supply the forearm and Angers. 

" Ul'nar, S 

The liOwer liimb. 

Branches of the Fem'o-ral, supply the hip and thigh. 

Pop-U-te'al, ] 

Tib'i-al, > supply the leg and foot. 

Per-o-ne'al, ) 
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QUESTIONS FOR TOPICAL REVIEW. 

1. What (an yon state of the Importince ot Mood to the liociy 7, 

B great Abnudince, coIoTi ind compoHLQonl. ,.^...^ ,.. ,,..., 

L DFficrlbe the cxn^meclBfl of tbabtuniui bloods ---....-.. 

1. Wbat it meant tiy imgnktiaii or Qui blood! 

i. What wisdom U then In Um Uw of tho hloul's congiilatioii T 

i. Vfhiituni tho two great uses of Ihs Wood? 

!. Through whit mBdiamB la th« blood provideil with new matarial uid relieve 

i. What cliangsB lake place In tbs color ot Uia blood In !!■ Joumay throngji tli 

Byatein? ..-,-.,.. .... 

1. Stota all yoneanin telation to the elreulatlon ot the Unod 

). Alt, In tula^on to theaiBi, ahape, andlocaUoD of the heati 

1. How is the loaa of power in the heart'a movementa obviated ? 

i. WhatcaayoDstfiteoftheisntrlclcsandaaricleaofthehsirtl 

(. Describe the action of the heart 

t. What special vitality doea the ti»mii of the hsartposBess! 

L State all you oan on the BUbJect 

r. Describe the course uf the hlood throng the cavities of the heart. , . . . 

a. DescrllH the niechanism that regulates the heart-cuirenta. 

D. Bow do yon account for the two heart-sonnds at the froot of the cheat T... 

0. State what yon can or the frequency of the heart's action 

1. Of the activity of the heart 

2. What do you understand by the arteries J. 

B. Btktc what yon an ot the arteries and UiD arterial syatem 

4. What do you understand by the pulse 7 

5. In what port nTthehody may the pnlse be felt I 

e. What further can ynu state of thepulHl 

7. What are UiB veins I 

8. Describe the valves of the veins and their uses 

9. Now give a ftlQ description ofthaeoniibuction oftlie veins...... 

0. What further can you slate of the veins I 

1. What do you understand by the capQlarles ? 

2. What seniee do the capillaries pertOmiT 

3. Deeerlbe the circulation of the Uuod In thermion ot the heart. 

i. What can ynu state ot the r*pldity of the blood's circulatloD I. 

i. Ot Che process known as asslmHatiouT. 

0. Ot injuries to tho Hood-vessels I 

7. What BlTect does alcohol have u|»n the heart ?. 

S. Give the result ot Dr. Parke's eiperlraent 

tt. What (an you say of the fet-prodndng proporly ofnlmhoU 





The Object of Respiration — The Lungs — ^The Air-Passages — 
The Movements of Respiration — Expiration and Inspira- 

Ition — The Frequency of Respiration — Capacity of the 
Lungs — The Air we breathe — Changes in the Air from 
Respiration — Changes in the Blood — Interchange of 
Gases in the Lungs — Comparison between Arterial and 
Venous Blood— Respiratory Labor — Impurities of the 
Air — Dust — Carbonic Acid — Effects of Impure Air — 
Nature's Provision for Purifying the Air — Ventilation. 

1. The Object of Respiration. — In one eet of capillaries, 
or hair-like vesaela, tlie blood is impoverished in order thot it 
may Bupport the different members and organs of the body. In 
another capillary system the blood is refreshed and again made 
fit to sustain life. The former belongs to the greater or ni/slemic 
circulation ; the latter to the lesser or pulmonary, the lungs, in 
which organs it is situated. The hiootl sent from the right side 
of the heart to the lungs is venous, dark, impure, and of a 
nature hurtful to the tissues. But when the blood returns 
from the lungs to the left side of the heart, it has become 
arterial, bright, pure, and no longer injurious. This marvelous 
purifying change is effected by means of the very familiar act of 
respiration, or breatliing, 

2. The Lungs. — The lungs are the special organs of respira- 
tion. There are two of them, one on each side of the chest, 
which cavity they, with the heart, almost wholly fill. The 

^-substance is soft, cListic, and sponge-like. Under pressure 
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of the finger, it crackles, and when thrown into vater it floats; 
these properties are due to the presence of air in the minute air- 
cells of the lungs. To facilitate the movements necessary to 
these organs, each of them is prorided with a double covering 




tl 
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of an exceedingly smooth and dehcate membrane, called the 
jUmira. One layer of the pleura is attached to the walls of the 
chest, and the other to the lungs; and they glide one upon 
the other, with utmost freedom. Like the membrane which 
envelops the heart, the pleura secretes its own lubricating fluid, 
in quantities sufficient to keep it always moisL 

3. The AirPassageS- — The lungs commnnicate with the ex- 
ternal air by means ot certain air-tubes, the longest of which, 
the truf/iea, or windpipe, runs aloni; the front of tlw neck 
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(Figs. 24, E, and 25). Within the chest thin tube divides into 
two brandies, one entering each lung ; these in turn givo rise to 
ntimerotts branches, or bronchial tubes, as they are called, wliich 
gradually diminish in size until they are about one-twenty- fifth 
of an inch in diameter. Each of these temiinatea in a cluster 
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of little pouches, or " aJr-cella," having very thin walls, and 
covered with a capillary network, the most intricate in the 
body (Fig. 25). 

4- These tubes are somewhat flexible, sufficiently ao to bend 
when the parts move in which they are situated; but they are 
greatly strengtliened by bands or rings of cartilage wliich keep 
the passages always open ; otherwise there would bo a con- 
stantly-recurring tendency to collapse after every breath. The 
lung-substance essentially consists of these bronchial tubes and 
terminal air-cells, with the blood-vossela ramifying about them 
(Fig, 26). At the top of the trachea is the larynx, a sort of 
of ciirtil^^'e, across whicli niv. stri'tched the vocal coiila. 
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Here the voice ie produced thieflj bj the passage of tlie respireJ 
air over these cords, causing tliem to vibrate. 




5. Over the opening of the larynx is found the epiglottia, 
' which fits like the lid of a box at the entrance to the lungs, and 
' closes during the act of swallowing, so that food and drink shall 

pass backward to the ceaophagua, or gullet (Fig, 27). Ocoaaion- 
ally it does not close in time, and some substance intrudes within 
the larynx, when we at once discover, by a choking sensation, 
that " sometliing has gone the wrong way," nod, by coughing, 
we attempt to expel the unwelcome intruder. The air-passagea 
are lined through nearly their whole extent with mucous mem- 
brane, which keeps them in a constantly moist condition. 

6. The Movements of Respiration. — The act of breathing 
has two parts — (1), iiurpiralion, or ilnnving air into the lungs, 
and (2), expiration, or forcing it out again. In inspiration, the 

^ chest extends in its lengtli, bifadth, and W\<^\i. The- motion 
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B and upwards can bo observcil every time we ilraw a 
fiUl breath, and is causctl by ik lifting of the ribs. But the 
motion downwards is not so apparent, as it ia caused by a muscle 
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within tJie body called the dhiphragm. This is the thin parti- 
tion which Beparatea the chest from the abdomen, rising like a 
dome within the chest (Fig. 9). With every inspiration, the 
diaphragm contracts, and in so doing, approaches more nearly a 
level surface, and thus enlarges the capacity of the chest 
;hing, sobbing, Uimwughing, and sneezing arc caused by the 
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Bpasmodic or sudden oontraction of the diaphragm. The sj 
power of this muscle is important in securing endurance, or 
"long wind," as it is commonly expresseil ; which may be ob- 
tained mainly by practice. It ia poeaessed in a. marked degree 
by the mountaineer, the oarsman, and the trained singer. As 
the walls of the chest extend, the lungs expand, and the air 
nishea in to fill them. This constitutes an inspiration. The 
habit of taking frequent and deep inspimtiona, in the erect 
position, with the shoulders thrown back, tends greatly to in- 
crease the capacity and power of the organs of respiration. 

7. Expiration is a less powerful act than inspimtion. The 
diaphragm relaxes and ascends in the form of a dome ; the ribs 
descend and contract the chest ; while the lungs themselves, 
being elastic, assist to drive out tbe air. The latter passes out 
througb the same channels by which it entered. At the end of 
each expiration tliere is a pause, or period of repose, lafiting 
about as long as the periixl of action. 

8. Frequency of Respiration. — It is usually estimated that 
we breathe once during every four beats of the heart, or about 
eighteen times in a minute. When the action of the heart is 
hurried, a larger amount of blood is sent to the lungs, and, as 
the consequence, they must act more rapidly. Ocfasionally, 
the heart beats so very forcibly that the lungs cannot keep paca 
with it, and then we experience a peculiar sense of distress from 
the want of air. This takes place when we run until we are 
" out of breath." 

9. Although, as a general rule, the work of respiration goes 
on unconsciously and without exertion on our part, it ia never- 
theless uniJer the control of the wilL We can increase or 
diminish the frequency of its acts at pleasure, and we can 

hold the breath," or arrest it altogether for a short time. 

From twenty to thirty seconds is ordinarily the longest period 

in which the breath can be held ; but if we first pjcpel all the 

impure air from the limgs, by taking several very deep inspira- 

the time may be extended to one and a half or even two 
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minuteB. This ahould bo remembered, (ind acted u]xni, before 
passing through a burning building, or any plae« whuro thu air 
ia very foul, 

10. The air b not a simple element, as the ancients supposed, 
but is formed by the mingling of two gases, known to the 
chemist as oxygen and nitrogen, in the proportion of one part of 
the former to four parts of the latter. These gaaea are very 
unlike, being almost opposite in their properties : nitrogen is 
Aveak, inert, and cannot supiwrt lite ; while oxygen is ]iowerful, 
and incessantly active ; and is the essential element which gtves 
to the atmosphere its power to support life and coniliustiou. 
The discovery of this fact was made in 1778 by the French 
chemist, Lavoisier. 

11. Changes in the Air fh>m Respiration.^^Air tliat has 
been once breathed is no longer lit for respiration. An aniuial 
confined within it will sooner or later die ; so, too, a lighted 
candle placed in it will be at once extinguished. If we collect 
a (xuantity of expired air and analyze it, we shall find tliat its 
composition is not the same as tliat of the inspired air. When 
the air entered the lungs it was rich in oxygen ; now it contains 
twenty-hvB ]ier cent, less of that gas. Its volume, however, 
remains nearly the same; its loss being replaced by another 
and very different gas, which the lungs exhale, called carbonic 
add, or, as the chemist terms it, carbon dioxide. 

12. The expired air has also gained moisture. This is 
noticed when we breathe upon a mirror, or the window-pane, 
the surface being tarnished by the condensation of the watery 
vapor given off by the langs. In cold weather, tliis causes the 
fine cloud which is seen issuing from the nostrils or mouth with 
each expiration, and contributes in forming the feathery crystals 
of ice which decorate our window-panes on a winter's morning. 

13. Changes in the Blood from Respiration.— Tlie most 
striking change wlii<'h tlio 1 il. « id undergoes by its passage through 
the lungs, is the cliangi' (if uolor from a dark blue to bright re^l. 

it this citange is dependent upon respiration lias been fully 
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provixl by experiment. If the tnichoa, or windpipe, of a livug 
animal be so compressiHl as to exclude the air from the luti^, tha 
blood ill the arteries will gradually grow darker, until ita color ie 
the same aa that of the venous lilood. When the pressure is re- 
moved the blood speedily resumes its bright hue. Again, if an 
animal breathe an atmosphere containing more oxygen than 
atmospheric air, the color changes from scarlet to vermilion, and 
becomes even brighter than arterial blood. This change of 
color is not of itself a very important matter, but it indicates a 
most important change of composition. 

14. TliB air, as we have seen, by respiration loses oxygen 
and gains carbonic acid : the blood, on the contrary, gains oxy- 
gen and loses carbonic acid. Oxygen is the food of the blood 
corpuscles ; while the articles we eat and drink go more directly 
to the plasma of the blood. The air, then, it is plain, supplies 
one kind of food, while our articles of diet supply another. But 
there is this difference, our lung food is needed constantly, 
while ordinary food is taken at distinct intervals. Again, as 
the demand of the system for food is expressed by the sensation 
of hunger, so the demand for air is marked by a painful sensa- 
tion called suffocation. 

15. Interchange of Gases in Ihe Lunge.— But the air and 
blood do not come in contact — they are separated from each 
other by the walla of the air-cells and of the blood-vessels, — how 
then do the two gases, oxygen and carbonic acid, exchange 
places^ Moist animal membranes have a property which en- 
ables tliem to transmit gases through their substance, although 
they are impervious to liquids. This may be beautifully shown 
by suspending a bladder containing dark venous blood in a jar 
of oxygen. At the end of a few hours the oxygen will -have 
diminished, the blood will be scarlet in color, and carbonic acid 
will bo found in the Jar. 

16. If this interchange takes place outside of the body, it 
must take place much more perfectly within it, where the cir- 

I cttinstances arc 'A the most fuvoraljle diameter. Tlie walls of 
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the vessels and the air-celU nn* thin niul imiii^t, and thu currents 
of air anil blond Arc in constant motion. Botli jiarts of this 
piocGSE of exchungc are oqiinlly iniportaiil. Without oxygen 
life ceases; if carbonic anid is not thrown oli', it acts like a 
poison, pnNliicing unconsciousness, convulsiorin, and I'ven iKialli, 

17. DrfTerenoe between Arterial and Venous Blood.— 
The following table presents the essential points of difference in 
the appearance and comi>ositioii of the blood, before and after 
its passaye through the lungs : 

Scarlet, 

20 per cent, 6 jior cfni or lesa. 

Wtttflr, More, Less. 

The temperature of the blood varies considerably ; but the 
arterial stream is generally warmer than the venous. The blood 
imparts heat to the air while passing through the lungs, and 
consequently the contents) of the right side of the heart have a 
higher temperature than the contents of the left side. 

18. Amount of Respiratory Labor.— During ordinary calm 
respiration, we breathe eighteen time-s in a minute ; and twenty 
cubic inches of air pass in and out of the lunga with every 
breatii. From this we calculate that the quantity of air which 
hourly traverses the lunga is about thirteen cubic feet, or 
seventy-eight gallons ; and daily, not less than three hundred 
cubic feet, an amount nearly equal to the contents of sixty 
barrels. 

19. Impurities of the Air. — The oxygen in the atmosphere 
is of such prime importance, and its proportion is so nicely 
adjusted to the wants of man, that any gas or volatile substance 
which supplants it must be regarded as a hurtftd impurity. All 
gases, however, are not alike injurious. Some, if inhaled, are 
necessarily fatal ; arsfm'iireteii hydrogen being one of these, a 
single bubble of which destroyed the life of its discoverer, 
Gehlen, Others are not directly dangerous, biit because they 
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take t!ii3 [ilace of i}X.yff'.a, ami exclmie it from the lungs, they 
do harm. To this latter class belongs carbonic acid. 

20. Most of the actively poisonoua gaaua have a pungent or 
tiDBivG r>dor; and, as may bo inferred, ahuost all bad smells 

indicate the presence of suliatanceB unfit for respiration. Ac- 
coi'dingly, as we cannot see or taste these impurities, the sense 
of smell \s our principal safeguard against tliem. In this we 
recognize the forethought which has stationed this Bense, like a 
Bentiuel, at the entrance of the aii-passages, to give us warning 
of approaching liarm. Take, as an example, the ordinary 
illuminating gas of cities, from which so many accidents happen. 
How many more deaths would occur from it by suffocation and 
explosion, if we were not made aware of leakage by means of 
its disagreeable odor. 

21. " Man's greatest enemy is his own breath," it is said ; but 
chiefly because of the organic matter it contains. Oi^nic mat- 
ter exists in increased measure in the expired breath of sick 
persons, and impart to it, at times, a putrid odor. This is 
especially true in diseases which, Hke typhus and scarlet fever, 
are referable to a blood poison. In such cases the breath is one 
of the means by which nature seeks to expel the ofl'ending 
material from the system. Hence, those who visit or norse 
fever-sick persons should obey the oft-repeated direction, "not 
to take the breath of the sick." At such times, if ever, fresh 
air is demanded, and not alone for the sick, but also for those 
who take care of them. 

22. Dust in the Aip.— In a lecture on this subject by Pro- 
fessor Tyndall, he remarks that, " by breathing through a cotton 
wool respirator, the noxious air of the sick room is restored to 
practical purity. The air thus filtered, attendants may breathe 
unharmed. In all probability, the protection of the lungs will 
be the protection of the whole system. For it ia exceedingly 
probable that the germs which lodge in the air-passagea are thoee 
which sow epidemic disease in the body. If this be ao, then 
disease can certainly be warded off by filters of cotton wool 
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23. Carbonic Aoid in the Air. — This goR exi^u nutumlly 
in the uir in smdl <[UiiiilitiE!t<. In tliu open air, tumi Kclilnin 
suffer from larbouiu acid, for, na wo shall see presently, nature 
provides fur its rapid diBtrihution, Hiid even, turns it Ui ffiml 
use. But its ill effects are painfully evident in the almdt^H of 
men, in which it ia liable Uj wsllect as the waste product of 
respiration and of that combustion whidi is necessary for light- 
ing and ^varniing our homes. A man exhales one-half cubic foot 
of carbonic acid per hour ; u single gas-biimer liberatcB five cubic 
feet hi the same tuue, and therefore epoUs aa much air as ten 
men. A lire burning in a grate or stove emits some impure 
gases, and iit the same time abstracts from the air as much 
oxygen as twelve men would consume in the same period, thus 
increasing the relative amount of carbonic acid in the air. From 
furnaces, aa ordinarily conatructed, this and other gases are con- 
stantly leaking and poisoning the air of tightly-closed aj»rt- 
ments. 

24. Effects of Impure Air.— Carbonic acid, in its pure 
form, is irrespirahle, causing rapid death by suffocation. Air 
containing forty parts per thousand of this gas (the composition 
of the expired breath) extinguislies a lighted candle, and is 
fatal to birds ; when containing one hundred parts, it no longer 
yields oxygen to man and other warm-blooded animals ; and is 
of course speedily fatal to them. In smaller quantities, this 
gas causes headache, laboreil respiration, palpitation, uncon- 
sciousness, and convulsions. 

25. Another unmistakable result of Hving in and breathing 
foul air is found in certain diseases of the lungs, especially con- 
sumption. Foi' many years the barracks of the British army 
were constructed without any regard to ventilation ; and during 
those years a large number of men died of consumption. At 
last the government began to improve the condition of the 
buildings, giving larger space and air-supply ; and as a conse- 
quence, the mortality from that disease has diminished more 
tlian one- third. 
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26. The lower anim.ila confined in tlie impure atmosphere of 
stables anil menageries suffer from the same diseases aa man. 
Those brought from a. tropicjil cUmnte, and reiiniring to he 
doaely housed, generally die of consumption. In the Zoolog- 
ical gardens of Paris, this disease affected nearly all monkeys, 
until care was taken to introduce freah air hj ventilation ; and 
then it almost wholly disappeared. 

27. Nature's Provision fbr Purifying the Air. — We liave 
seen that carbonic acid is heavier than air, and is poisonous. 
Why, then, does it not sink upon and overwhelm mankind with 
a silent, unseen wave of death 1 Among the gases there is a 
more potent force than gravity, which forever prevents sneh a 
tragedy. It is known as the diffusive power of gases. It acts 
according to a defiiute law, and with irresistible force, compelling 
gases, when in contact, to mingle until they are thoroughly 
diffused. The added influence of the winds is useful, by insur- 
ing more rapid changes in the air ; air in motion being perfectly 
wholesome. The rains also wash the air. 

28. We have seen that the whole animal creation is con- 
stantly taking oxygen from the air, and as constantly adding to 
it vast volumes of a gas hurtful to all kinds of animals, even in 
small quantities. How, then, does the air retain unchanged its 
life-giving properties? The uniformly pure state of the air ie 
secured by means of the vegetable creation. Carbonic acid is 
the food of the plants, and oxygen is its waste product. The 
leaves are its lungs, and under the stimulus of sunlight a vege- 
table respiration is set in motion, the effects of which are just 
the reverse of that of animals. Thus nature purifies the air, 
and at the same time builds up two beautiful and useful worlds 
— the life of each growing out of the decay of the other. 

29. Ventilation, — Since the external atmosphere, as provided 
by nature, is always pure, and since the air in our dwellings and 
other buildings is almost always impure, it becomes imperative that 
there should be a free communication from the one to the other. 

^This we aim to accomplish by ventilation. Ac our honses are 
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ordinarily constructed, the theory of ventilation, " to make the 
internal as pure as the external air," is seldom carried out. 
Doors, windows, and flues, the natural means of replenishing 
the air, are too often closed against the precious element. 
Special means, or special attention, must therefore be used to 
secure even a fair supply of fresh air. This is still more true 
of those places of public resort, where large numbers of persons 
crowd together. 

30. If there are two openings in a room, one as a vent for 
foul air and the other an inlet for atmospheric air, and if the 
openings be large, in proportion to the number of air consumers, 
tlie principal object will be attained. Thus, a door and win- 
dow, each opening into the outer air, -will ordinarily ventilate a 
small apartment ; or a window alone will answer, if it be oiK»,n 
both above and below, and the open space at each end be not 
less than one inch for each occupant of the room, when t\w 
window is al)out a yard wide. The direction of the current is 
generally from below upward, since the foul, heated air tends to 
rise. Its rate need not be rapid ; a " drauglit," or perceptible 
current, is never necessary to good ventilation. Tlie tempera- 
ture of the air admitted may be warm or cold. It is thought by 
many that if the air is cold, it is pure ; but this is an error, 
since cold air will receive and retain the same impurities as 
warm air. 

31. Shall we open our bedrooms to the night air 1 Florence 
Nightingale says, in efiect, that night air is the only air that we 
can then breathe. " The choice is between pure air without 
and impure air within. Most people prefer the latter, — an im- 
accountable choice. An opcm window, most nights in the year, 
can hurt no one. In great cities, night air is the beet timl 
purest to be had in twenty-four hours. I could better under- 
stand, in towns, shutting the windows during the day than 
during the night." 

32. Animal Heat. — The temperature of the human body is 
about 100° Fahr., and remains iibout the same through winter 
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and summer, in the tropics as well as in the frozen regions of 
the north. It may change temporarily within the range of 
ahout twelve degrees ; but any considerable, or long-continued 
elevation or diminution of the bodily heat is certain to result 
disastrously. 

33. Tlie regulation of the temperature of the body is effected 
by means of perspiration, and by its evaporation. So long as 
the skin acts freely and the air freely absorbs the moisture, the 
heat of the body does not increase, for whenever evaporation 
takes place, it is attended by the abstraction of heat — that is, 
the part l)ecomes relatively colder. This may be tested by 
moistening some part of the surface with cologne, ether, or 
other volatile liquid, and then causing it to evaporate rapidly 
by fanning. The principle that evajwration produces cold has 
been ingeniously and practically employed, in the manufacture 
of ice, by means of freezing machines. 
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21. 'Vlha.i, on the suttiect of intercliange of gaiicM in the hingM ? 08 
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The NERVone System. 

Animal and Vegetative Functions — Sensation, Motion, and 
Volition — The Structure of the Nervous System — The 
White and Gray Substances— The Brain— Its Convolu- 
tions — -The Cerebellum — The Spinal Cord and its System 
of Nerves— The Anterior and Posterior Roots — The Sym- 
pathetic System of Nerves — The Properties of Nervous 
Tissue — Excitability of Nervous Tissues — The Functions 
of the Spinal Nerves and Cord- The Direction of the 
Fibres of the Cord— Reflex Activity, and its Uses— The 
Functions of the Medulla Oblongata and the Cranial 
Ganglia— The Reflex Action of the Brain. 

1. Animal Functions. — The vital processes which we have 
been cousideriiig, iii tlie three previous chapters, of digestion, 
circulation, iinil respiration — ^belong to the class of functions 
known aa vegetative functions. That is, they are common to 
vegetables as well as animals. The plant lias its circulatoiT' 
fluid nn<I channels, hy which the nutriment is distributed to all 
its parts. It has, also, a curious apparatus in its foliage, by 
wluch it abstracts from the air those gaseous elements so necea- 
sary to its support ; ami thus it accomphshos vcgetahle respirO' 

2. The animal, in addition to those vegetative functions, has 
another set of powers, by the use of which he becomes conscioui 

world external to himself, and brings himself into active 
relations with it. These functions, among which are sensation, 
motion, and volition, not only distinguish the animal frogj,U 
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plant, Ijut, in iirupurtion to thuir ikvelopmont, elevate oii« 
croaturo abovo another; and it ia by virtue of Lis [irv-i-iiiinunt 
eudowment, in these respects, thut mail holds his pusitJou at 
till! head of the auimal creation. 

3. Among H^'ntalH whose stnictuTo ia very simple, the hydra 
ur fresh-water polyp, being an exampKi, no special organs are 
empowered to perform separate fimi-tious ; but every part ia 
endowed alike, so that if the animal be cut into pieces, each 
IMrtion has all the properties of the entire original ; and, if tlie 
circumstances be favomble, each of the pieces will soon become 
a complete hydra. An we approach man, ia the scale of beings, 
we find that the organs multiply, and the functions become 
more complete. The function of motion, the instruments of 
which — the muadea and bones — liave been considered in former 
chapters, and all the otlier animal fimctions of man, depend 
upon the set of organs known as the nervous aystem. 
I 4. The Nervous System. — ^The nervous tissue is composed 
I of a soft, pulpy substance, whicli, early in life, is aluiost fluid, 
but which gradually hardens with the growth of the body. 
When examined under the micro3co[>e, it is found to be com- 
posed of two distinct elements: — (1) the white substance, com- 
posing the larger proportion of the nervous organs nf the Itmly, 
which is formed of delicate tdaments, alwut -g^Tm of an inch in 
diameter, termed the nerve-fibrea ; and (2) the gray substance, 
composed of grayish-red, or oshen-colored cells, of various sizes. 
5. The gray, cellidar substance constitutes Uie laii{er portion 
nf those imjwrtant masses, whieh bear the name of nervous 
eenireg and ijaiiglia (from gaivilion, a knot), in which all the 
nervo-tibres unite. These white ner\'e-fibrea are found com- 
bined together in long and dense cords, called ncnsH (from 
iiearon, a cord), which serve to connect the nervous centres 
with each other, and to place them in communication with all 
the other parts of tJio body which have sensibUity or power of 
motion. That part of the nervous system which is concerned 
m the animal functions, cDmiiriaes the bniin, the spinal cord. 
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J the nerves which are derived therefrom ; tliusL', tiigiitlier, nm 
callfiil tlie cefeJiro-itjniHil Bystem (Fig. 29) ; wliilo that other set 
of organs, which presides over, and rcgulatca the vegetative func- 
tions, is caUod the sympathetic system ot nerves. 

6. The Brain. — The braiu is the great volume of nervous 
tissue that is lodged within the skuIL It is the largest and most 
complex of the nervous centres, its weight in the adult being 
about fifty ounces, or one-fortieth of that of the whole body. 
The shape of the brain is oval, or egg-shaped, with one extremity 
lai'ger tlian the other. The brain consists eliiefly of two larts : 
the etrebnim, or brain proper, and the eerehellum, or " little 
brain." In addition to these, there are several smaller organs 
ut the hose, among which is tlie commencement or expnnsiou of 
the spinal cord, termed the mmlullii uUongatn, or oblong marrow. 

7. The tissue of the brain is soft and easily altered in shape 
by pressure; it therefore re([nire3 to he placed in a well-pro- 
tected position, such as is afforded by the skull, or eraiiium, 
which is strong without being cmnbrous. In the course of an 
onlinary Hfetime, this bony bos sustains many blows, with little 
inconvenience ; whUe, if tliey fell directly upon the hmin, tliey 
would at once, and completely, disorganize that stracture. 
Within the skull, the brain is enveloped by three momhranes, 
which at once protect it from friction, and furnish it with a 
supply of nutrient vessels. The supply of blood sent to the 
brain is very liberal, amounting to one-fifth of all that the 
entire body possesses. The brain of man is heavier than that 
of any other animal, except the elephant and whale. 

8. The Cerebrum. — The brain proper, or eerelmim, is tlie 
largest of the intracranial organs, and occupies the entire upper 
and front portion of the skull. It is almost completely bisected 
by a fissure, or cleft, running through it lengthwise, into two 
equal parts called hmii^teres. The exterior of these hemi- 
spheres is gray in color, consisting chiefly of nerve-cells, arranged 
BO as to fonn a layer of gray matter one-fifth of an inch in 
thickness, anil is abundantly supplied with blood- vessels. The 
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! comiwaed almost wholly ( 



interior of the brain, however, i 
white substance, or Jierve-tihrea. 

9. Tiie surface of the cerebrum ia divided by a considerable 
nmuher of winding and irregular f lurows, about an inch deep, 
B8 shown in Fig, 30. Into these furrows the gray matter of 
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the surface ia extended, and, in this manner, its quantity is 
vastly increased. When it is stated that the gray matter is the 
true source of nervous power, it hecomes evident that this 
arrangement has an important bearing on the mental capacity 
of the individual. And it is noticed that in children, before 
the mind is lirought into vigorous use, these markings or furrows 
on the surface are comparatively shallow and indistinct; the 
same fact is true of the brain in the less civilized races of man- 
kind and ill the lower animals. It is also noticeable that, among 
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Dills, those are tlic most capable of bcini; eiiiicaittiil wliieli 
have tliQ best devc-ldpmont of the cerelimm. 

10. The Cerebellum. — The "little bmin" is placed Ijornailli 
the [losterior purt iif.the uereljruiu, anil, like the latter, is divided 
into hemiflphores. Like it, also, the Biirfuce of the corelielliim 
ia composed of gray matter, and its interior is chieHy white 
matter. It ia subdivided by many parallel ridgr.a, which, send- 
ing down gray matter deeply into the white, ceiitnil jwrtion, 
gives the latter a somewhat branched Bppnarance. This peculiar 
appearance haa been ealled the arhor vifar, or the " tree of hfe," 
from the fact that when a section of the oi^au is made, it bears 
some resemblance to the trunk and branches of a tree (Fig. 31, F), . 
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In size, this cerebellum, 
eighth of the cerebrum. 

II. From the under surface of the cerebrum, and from the 
^iront maigin of the cerebellum, fibres collect together to form 
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tho meiialla uhlou'jaiit (Fij,'. 32, M n), which, ou 
the skull, enters the spimil coluum, auil then bewinea known 
a tho spinal cord. From tho Ijose of the hrain aiid £foiii the 




\ nidea of the medulla originate, also, the cranial Twrres, of whidi 

' there are twelve pairs. These nerves are round cords of glisten-. 

ing white appearance, and, like the arteries, generally lie remote 

from the surface of the body, and are well protected from 

injury. 

12. The Spinal Cord. — The spinal cord, or " marrow," is a 
cylindricid maaa of stpft nervous tissue, which occupies a cham- 
ber, or tunnel, fashioned for it in the spinal column (Fig. 33). 
It is composed of the same substances as the brain ; but the 
arrangement is exactly reversed, the white matter encompaasiiig 
or surrounding the gray matter instead of being encompassed by 
it. The amount of the white substance is also greatly in exce^ 
of the other material. A vertical fissure partly separates the 
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cord into two liiteml [wives, uml 
each half is coiu]xiaed of two Be]>- 
arate bundles of fibres, which are 
nameJ the aaterior and ixstericir 

13- These columns have entirely | 
difTGrcut uses, and each of them 
unites witli a different portion of 
the nerves which have theii origin 
in the spinal (»rd. The importance 
of this part of the nervous system 
is apparent from the extreme care 
taken to protect it from external 
injury. For, while a very slight 
disturbance of its structure suffices 
to disarm it of its power, yet so 
staunch is its bony enclosure, that 
only by very severe injuries is it 
put in i>eril. 

14. The Spinal Nepve8.~The 
spinal nerves, tliirty-one pairs in 
number, spring from each aide of 
the cord by two roots, an anterior 
and a posterior root. The posterior 
root is distinguished by possessing 
a ganglion of gray matter, and by a 
somewhat larger size. The succes- 
sive points of departure, or the oiT- 
shooting of these nerves, occur at 
short and nearly regular intervals 
along the course of the spinal cord. 
Soon after leaving these points, 
the anterior and posterior roots 
unite to form the trunk of a nerve, 
which is distributed, by means of branches, to the various 
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otgiins of that part of Uie hoily whiiih this norve is ilesigned 
serve. The spinal nerVRS supply diiufly the muscles ol the 
trank anil limbs and the external surfaco of the btKly, 

15- The tissue composing the nerves is entirely of the while 
variety, or, in other words, the nerve-fibres ; the same aa we 
have observed forming a part of the brain. But the nerves, 
instead of being soft and pulpy, as in the case of the braia, are 
dense in structure, being hartleued and strengthened by means 
of a fibrous tissue which surrounils each of these delicate fibres, 
and binds them together in glistening, silvery bundles. Deli- 
cate and minutely fine as are these nerve-fibres, with their 
extremities often only a hair's breadth distant from each other, 
the impression which any one of them commiuiicates is perfectly 
distinct, and is referred to the exact point whence it came. 
This may be illustrated in a simple manner, thus : if two fi.ngers 
be pressed closely together, ami the point of a pin be carried 
lightly across from one to the other, the eyes may be closed, 
and yet we can easily note the precise instant when the pin 
passes from one linger to the other, 

16- The Sympathetic System— The mjmpaihetia sydem of 
nerves reniiiina to Ije described. It consists of a double chain 
of ganglia, situated on each side of the spinal column, and 
extending through the cavities of the trunt, and along the neck 
into the head. From these, numerous small nerves are derived, 
which connect the ganglia together, send out branches to the 
cranial and spinal nerves, and form networks in the vicinity of 
the stomach and other laige organs. Branches also ascend into 
the head, and supply the muscles of the eye and ear, and other 
organs of sense. 

17. The Properties of Nervous Tissue.— We have seen 
that in id! parts of this system, there are only two forms of 
nervous tissue ; namely, the gray substance and the white sub- 
stance, 80 called from their difference of color as seen by the 
naked eye ; or the nerve-cell, and the nervMibre, so called from 
their microscopic appearance. Now tbssB tw» tissues ar^ not 
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commuuly mingled together, but cither fumi sejarato organs, or 
diatinet parts of the same oi^ns. Thie Icoila us to the conclu- 
sion that tlieir respective uses are distinct. And tliis provns to 
be the simple fact ; wherever we find the gray substance, we 
must look upon it aa performing an active part in the system, 
that is, it originates nervous impulses ; the white matter, ou 
the contrary, is a passive agent, and servea merely as a con- 
ductor of nervous influences. Accordingly, the nervous centres, 
composed so largely of the gmy cells, are the great (^entres of 
power, and the white fibres are simply the instruments by which 
the former communicate with the near and' distant ri^gions of 
the body under their controL 

18. The Functions of Hie Nerves.— The nerves are the 
instrmueots of the two grand functions of the nervous system. 
Sensation and Motion. If a nerve that has been exposed be 
divided, and the inner end, or tliat still in connection with the 
nerve-centres, be irritated, sensation is produced, but no move- 
ment takes place. But if the outer end, or that still connected 
with the limb, be irritated, then no pain is felt, but muscular 
contractions are prodncetL Thus we prove that there are two 
distinct seta of fibres in the nerves ; one of which, the sKutnnj 
fibres, conduct toward the hmin, and another, the motor fibres, 
conduct to the muscles. The former may be said to begin in 
the skin and other organs, and end iai the brain ; wliile the 
latter begin in the nervous centres and end in the muscles. 

19. We have already spoken of the two roots of tlie spinal 
nerves, called, from their points of origin in the spinal cord, the 
anterior and posterior roots. These have been separately cut 
and irritated in the living animal, and it has been found tliat 
the posterior root contains only sensory fibres, while the anterior 
root has only motor fibres. So that the nerves of a limb may 
be injured in such a way that it will retain power of morion 
and yet lose sensation ; or the reverse condition, feeling with- 
out motion, may exist. Between these two sorts of fibres no 
ilitferencoof structure can be found ; amlvfWielVe^VaNftVvsvi. 
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^^B. to furni a nerve it U mim6sih\<i In ilistrnguisli one sort from 
^^H t)i<.> other The rate of motion of a message, to or from the 
^^V braiii along a jierve, baa been nieoaured by esperiiiienl upon 
^^K the tower animals, and BBtimatcd in the case of man at about 
^^B two hnndred feet per second. As compared with that of elec- 
^^V trii:ity, this is a very slow rate, but, in respect to the size of the 
^^H human body, it is practically instantaneous. 
^^1 20. The Functions of the Spinal Cord.^As the anterior 
^^H and posterior roots of the spinal nerves have separate functions, 
^^B so the anterior and piosteriur columns of the cord are distinct in 
function. The former are concerned in the production of 
motion, the latter in sensation. 

21. When the spinal cord of an animal has been cut, in 
experiment, it may be irritated in a manner similar to that 
alluded to when considering the nerves. If, then, the upper 
cut surface be excited, it ia found that pain, referable to the 
pauta below the cut, is produced ; but when the lower cut sui^ 
face is irritated, no feeling is manifested. So we conclude that 
in respect to sensation, the spinal cord is not its true centre, 
but that it is merely a conductor, and is therefore the great 
sensory nerve of the body. When the lower surface of the cut 
is irritated, the muscles of the parts below the section are 
violently contracted. Hence, we conclude tliat, in respect to 
the movements ordered by the will, the spinal cord is not their 
source ; but that it acts only aa a conductor, and is, accordingly, 

I the great motor nerve of the body. 
22. Direction of the Fibres of the Cord.— If one lateral 
half of the spinal cord be cut or injured, a very singiilar fact ie 
observed- AU voluntary [wwer over the muscles of the corres- 
ponding half of the body is lost, but the sensibility of that aide 
remains undiminiaheil This result shows that the motor Abies 
of the cord pursue a direct course, while its sensory fibres are 
bent from their course. The direction of the anterior or motm 
I columns of the cord is downward from the brain. In the 

^^B cord itself, the course of the motor fibres is for the most part a 
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irect one ; but in the mottuila oblonyritii, or uppiT extremity of 
the cord, and thorcforo early in their curuor, tliose libros cross 
from aide to side in a. mass. 

23. From this double interlacing of fibres results a cross 
action between the original and terminal extremity of iiU nerve- 
fibres which pass throngh the medulla ; namely, those of all the 
spinal nervea. Consequently, if the right hand be hurt, the 
left eide of the hrain feels the |min ; and if the left foot move, 
it is the right hemisphere which diutotos its movument. 

24. The Reflex Action of the Cord. — Wo have already 
considered the cord as the great motor and sensory nerve of the 
body, but it has another and extremely important use. By 
virtne of the gray matter, which occupies its central portion, it 
plays the part of an independent nerve centre. The spinal 
cord not only conducts some impressions to the brain, hut it 
also arrests others ; and, as it is expressed, " reflects " them into 
movements by its own power. Tbia mode of nervous activity 
is denominated the Reflex Action of the cord. A familiar ex- 
ample of this power of the cord ia found in the violent move- 
ments which agitate a fowl after its bead has been cut off. The 
cold-blooded animals also exhibit reflox movements in an aston- 
ishing degree. A decjipitated centipede will run rapidly for- 
ward, and will seemingly strive to overttim, or else climb over 
obstacles placed in its way. 

25. The Uses of the Reflex Action.— The reflox activity of 
the cord is exhibited in the healtiiy body in many ways, but 
since it is never accompanied with sensation, we do not readily 
recognize it in our own bodies. Reflex movements are best 
studied in the cases of other persons, when the conditions enable 
ua to distinguish between acts that are consciously, and those 
that are unconsciously performed. For example, if the foot of 
a person sound asleep be tickled or pinched, it will be quickly 
withdrawn from the irritation. Again, when a substance like 
melted sealing-wax, or a heated coin, falls upon the hand, the 
limb is snatched away at once, even before the feeling of pain 
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has bwn r«ogiu*ed hy the brain. "WTieii jolted in a rapidly 
moi-ing car, wp involuntarily step forwani or backward, so as to 
preserve the cenlre of gravity of the body. 

26- Anothn vuietj of reflex motions takes place in certiuu 
i&vultintaiy muscles, and over these the cord exercises supremo 
GontKiI They aw principollj those movements which aiil the 
perfontuuice of di};cstioa and nutrition, the valve-action of tho 
pylorus, and other movements of the stoniach and iuteatines. 
In thrae movements the mind slmres no part .\n<I it ia well 
tlmt this is so; for since the mind ia largely occupieil with 
affiurs external to the body, it acts insularly, becomes fatigued, 
and needs frequent rest. The spinal cord, on the contrary, ia 
well fitted for the form of work on which depends the growtk 
and eupport of the body, as it acts uniformly, and with a 
machine-like regularity, 

27- The objects of the reflex activity of the cord are three- 
fold. In the first place, it acts as the protector of man, in bia 
imconscions moments. It is his unseen guanlian, always ready 
to act, never growing weary, and never requiring sleep. In the 
second place, it is the rt^dator of numerous involuntary motions, 
that are necessary to the nutrition of the body. And, thirdly, 
it acts as a substitute and r^tdates involtmtnry movements 
in the muscles usually under the influence of tho wilL It 
thus takes the place of the higher facnlttes in performing 
habitual acts, and permits them to extend their operations mon) 
and more beyond the body and its nmtiTinl wants. 

28. The Functions of the Medulla Oblongata.— The pro- 
longation of the spinal cord, within the skull, luis lieen previotialy 
spoken of as the medulla oblongata. It resembles the cord, in 
being composed of both white and gray matter, and in conduct- 
ing seasory and motor influences. A [wrtion of the meduUa 
presides over the important function of respiration, and from it 
arises tho ptwumogiutrin uerve, so cidled hecau.se its branchos 
serve hoth the lungs and stomach. Tlio feelings of hunger, 
thirst, and the desirij fur air are aroused by mea:;s of this nerve. 
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29. The Function of the Cerebellum. — The fmiclion uf 
the cerelitUum, or "little brtthi," ia tlie directing of the uiove- 
meuts of the voluntary iimacliia. WLt'n Uiia organ ia tlie seat 
of disease or injury, it is usually obaerveil that the person is 
unable to execute orderly and regular autfi, but moves in a cou- 
fiiaed manner as if iu a state of iiitoxiratioiu Like the larger 
brain, or cerebrum, it appears Ui Iw devoid of feeling ; but it 
takes no part in the operations of the niiiid. 

30. The Function of the Cerebrum. — The cerebrum, or 
brain proper, is the scat of the mind ; or, speaking more exactly, 
it ia tlie material inatrum.eut hy wliicli the mind aeta ; and, as 
it occupies the highest position in the body, so it fullills the 
loftieat uses. All the other organs are subor>iinate to it : the 
senses are its messengere, whieh bring it information from the 
outer world, and the organs of motion are its servants, which 
execute its commands. 

31. There have l«;en a few, but only a few, men of distin- 
guiahed ability whose brains have been comparatively small in 
Hize -, the rtde being that great men possess large brains. Tlie 
relative weight of the braiii of man, as compared with the 
weight of the body, does not, in all inatances, exceed that of 

. the inferior animals; the canary and other singing-birds have a 
greater relative amount of nervous matter than man ; but man 
Burpaases all other creatures in the size of the hemispheres of 
the cerebrum, and in the amount of gray substance which tlioy 
contain. 

32. Impressions conveyed to the hemispheres from the ex- 
ternal world arouse the mental operations called thought, 
emotion, and the will. All these mental acts, and many others, 
are develojjed through the action of the br.tin ; not that the 
lirain and the mind are the same, or that the braui secretes 
memory, imagination, or the ideas of truth and justice, as the 
stomach secretes the gastric jnice. But rather, as the nerve 
of the eye, stimulated hy the subtile waves of light, occasions 
the notion of color, so the brain, called into action by the 
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myaterious iiiflueuces of the immaterinl soul, gives rise todl tlie 
intiellettual, emutioual, and vuluiiUtrj activities of mankimi, 
33. EfTects or Alcohol upon the Brain. — The brain iinilor 
the influence of email and occasional doses of alcohol shows no 
serious cliooges other than an increased supply of blood to tho 
head. Very serious changes, however, result from the habitual 
use of alwihol ; the brain becomes harder and tougher than is 
natural and its cell elements show a wasting away, its substance 
appears shrunken, and an undue amount of watery fluid fills the 
cavities in the brain, in order to make up the diminished bulk. 
The blood-vessels of the brain are sometimes found to be ii 
weakened condition and from this various diseased conditions 
may follow. 

34. EiTeots of Alcohol on the Mind. — Alcohol produc 
artificial insanity, in which, according to the quantity taken, 
the various types of mental diseases are distinctly maiiifeat 
Tlie perceptions are bewildered, there is sleeplessness, loss of 
memory, delusion, clouded reasoning power and benumbed moral 
sense following in the train of alcohol drinking. There is also 
a monomania caused by the prolonged use of alcohol, a craving 
for drink that knows no bounds, and but rarely a cure ; this b 
dipsomania, or thirst madness. 

Tremblins due to AIoohoL—" AnoUier 
Thn hiinda nn shaky, or uiBtaiuly, even vhonst i 

sesn to rlbnto alightly, or In mare advHiiiKd condlQan, ' ahakea like an 
I have seen tbi> In ■ spirit-iirinker, i barber, u almont the only aymptom 
night and day, in shaving, and to 'alady bin hand,' iiarloak repeatedly of apiriti-at 
lint to TeUcve tttigae and th^n. hecanse he avt that it he dlKontlnued, hla hand «* 
too Bhaky to nae the raaor. Comiileee abstinence ftinq alcohol and rtnmg caiBbe, q'llt* 
reinovod hli troioblineB and hla desin tor apWta."— Or. W. S. Gnaftld. . 

Alcohol a Polwn of thalntellent.— "In the normal atatc nf a man's mind, 
slfthe 6<;ult[ea, tba linagiiiattcm, the jndgment, the inemnry, UioimaociatiimorfcleM, i 
are regulated Iqr annOicr 8ui*rior (ioulty, Tit, tho atlfntinn. The attanUcm of Ika 
vlD, lathe man hlmKir; It It the r(ra vhlr.h, being In the fnU paaaeaakni DTthen 
aourcea of whleh It disposes, lakes them whgre it will, when it will, to do wbalcvw H 
pleaiea. Now In dnrnkeaDem, even at thn i«t beginning, tlie will and the aUmrtfaK 
^^^ liavs disappeared, Kothlng ii left hot tlie imagination and the memnry. whieh, left U 
^^M HmobsbJvm wJlhoul reBulathiii and wltlmnl Kut.lea. pmdm'o the inoat imitioiial rvnolea.' 
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" Alcohol in siuall doses super-excites certain intellectaal fltcolties— the imagination, 
the memory and tlie association of ideas, but it paralyzes others, specially the will, 
the reflection and judgment. Yet, with a stronger dose all trace of intelligence disap- 
pears. When old Sly is stretched on the ground insensible from drink and snoring in 
the mud, he excites compassion and disgust : 

O monstrous beast ! how like a swine he lies ! 
Orim death, how foul and loathsome is tliine image." 

Charles Rickety in Betnu dea Deux Mondes. 



Dmnkenneas and Insanity. — "Tlie connection lietweeu drunkcnneMs and 
crime, and between drunkenness and poverty is close and unvarying in its efre<>.t upim 
society. The remarkaUe increase of insanity in recent years may in jiart be traced to 
the use of intoxicating beverages. It has been asserted that at least seven-tenths of 
all the crime and poverty and calamity to the people of the United States spring from 
the abuse of liquors."— Dr /. E. Reeves, 

35. The Impairment of the Will.— The direst result of the 

taking of alcohol is seen in the loss of self-control. " The worst 
estate of man is that wherein he loses the knowledge and 
government of himself." It is in the formation of the drinking 
habit that alcohol too often works the absolute ruin of its 
devotee, in both body and mind. It is apt to be a continuous 
habit, having for its sequel the dethronement of the will. It 
may be stated, as the rule, that after forty years of age, a man 
who has formed this habit is unequal by his own strength of 
will to abandon it. Many men of fine intellectual capvcity and 
amiable qualities have become intempenvte, and have so con- 
tinued, as long as their efforts to get free again have not been 
supplemented by outside and enforced restraint. It is for such 
as these that inebriate asylums have been built. Other hard 
drinkers drift into violence and crime, and finally find a curative 
restraint within prison walls. The benumbing effects of drink- 
ing habits upon the moral being of man is universally known. 
" All delicacy, courtesy and self-respect are gone ; the sense of 
justice and of right is faint or quite extinct ; there is no vice 
into which the victim of dninkennesa does not easily slide, and 
no crime from which he can be expected to refrain. Between 
this condition and insanity there is but a single step," and death, 
in a worldly sense a deliverance, in spite of many an effort to 
rally, ^^tenniDates the miserable scene*, oueVj otl^Xv^>^»^^^^^ 
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been removpd from the banquet of folly, nnil tho Inst is ft 
extinguished-"* 

36- An illustrntion of the disadvaiita^ of druukeoiiess tothe 
moral tone of a community may be drawn from the results of 
the labors of Father Mathew, about forty years ago, as a tem- 
]>enmce reformer. In the five years, 1838-1842, the consump- 
tion of whiskey in Ireland fell 50 per cent, the crimes of 
violence falling from 64,520 to 47,027, and executions from 59 
ill the litat year to 1 in the last year. 

Alcohol and 0riiiie.-~TtiLrt7}rein of Judicial eiperlence have laneht ms thut 
Df tbti urimfti which Judgca an called upon to try, mnd DiK>n wlilch Mmteiuin of tbe 
law are pmnoonL-ed, more Chan eEghttenChB of theiu involving any dflgree of vli>]eni:fi 
in tlipjr cliomcter axe directly tmseablQ to tlie LiqiKV BbopB, Hov often have I liod 
young men look ap at me when I uksd them what Ihey had to nay why the lentenca 
of Uuj law ahimld not be prenoancol, declare, " I should neVET have dune thi* i^ime If 

kdled the man for whnw death I am tried : mm has canoed me to lest my vUe and 



37. The Poisonous Effects of Alcohol. — Alwhol is, in 
the main, a narcotic iKiiwin in its effects upon human beings ; 
although the visible results vary immeuaely according to tlie 
quantity taken. If a aufiicient quantity is taken to cause any 
visible result, a condition, known as stimulation, is observe<L+ 

■The Effeota of Slid fltlmulation.— " WnnlBorranUonto yonngroon eon- 

of the table, elicit, in ninety-nioe out of one hundred coseB, tho reply, 'It doetnot 
hurt me.' Doea not hurt yon ! Walt anil Bee. In yeara to come, when yon nngbt to 
be In your prime, yoD will be a poar, nervous, Initabie, nerve-dried C^TStare. Tunr 
honila will tnmbU, your hewl will sche, ycmr ilcep be fltful and disturbed, yinr 
djgeatiuu iiutmirod ; In short, tlie unnotniul sod tnuBleut plewiuni at une end at yoor 
tire will be uHire than iwnnterbaUnced by the diseomlbrt and tnlaery at the oUuir. It 
hi a tntth ol the gnsteat moment, which ou^t to ha bo impteased upon the mind aa tn 
l« always rising up within it, that InmigTvaiatia qf IM lava i/hnM, iiii<;iui>UMlal 
aw. ind i>fm, no nre (a be of Ike o«tr."-^. R. BioA on lit Ten Lava ofHrnttk. 

I '< Suppose, for instance, you meamie your muncnlnr utrength witli a ' health lUV 
or dynamometer <by whleh ninscular eiertion can be aecuralaly meiaiireill, and Hum 
take Boine or the drink, In the strengtfa-ineplring power of which ynn have mui4 eonfl- 
donsa, and when you ops most eihllarated by Hand Itel ol if ynu cvnild ahnuklFT • 
lor)^ ftagmeiit of Mount Olynipua "mcoBunj your strength ag^in. Tlie drii.k luw (bulnl 

cotir' hlf U-eii Inie to Itx painlyriiit^ iicitiin' mid tiiat ynu are wisktr Tlieii, after a 
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'if an extremely large dose is taken, a etiite of stupor follows, 
and deuth Ims been kuowii to result in some cases, lletweeu 
these two estremos there may be a variety of manifestations. 
As a stimulant, it appears to many to have a kindly action, to 
cause a glow and sense of warmth, to increase musciUar activity, 
and to make t)ie mind and oi^ans of speech more nimble. 
Alcohol is not the only narcotic poison that exercises this influ- 
ence, wliicli is not kindly, but is, in fact, the first indication of 
a jMralysis of a portion of tlie nervous syatem.* 

Most of the habitual takers of alcohol freely admit that they 
are injured by it in one way or another, imd still they continue 
in their indulgence. In sucli cases, the mental balance is 
already lost : for a person to covet tliat which he knows to be 
hurtful to liim, ts mantfeetly not the sign of a sound mind. 

38. Tobacco and its Effects. — Tobacco, familiarly known as 
" the weeil," is an annual plant said to be a native of America. 
It grows to the height of several feet, with leaves of u pole 
green color. These leaves, when dried, are niwle into cigars, 
chewing toliaeco, and snuff, which are extensively used tlirough- 
out the civilized worliL 

39. Tobacco as a Poison. — Tobacco is a poison to the 

time, ntinn the Arag Vaa apent Itself mnil nmetlDn (ao oUed) •^nmes on, (ind yoD feci 





uun yclur glnngUi 


foaled you twiea. Wliei 


you fi-H yonreclf i 


fael ydntselT voJe yon fl 


1 jDUrsflf ilTonger 



vhtt you bare called nactlun Is In nslily iwoicry Itom the wukenlitg cda^U uT t1<e 
BiKofiu."— i>r. A. F. HniM. 

" " Ben IR I compmy of 'jolly goud ffllowii ' sll rtinding nn their dwt, their OKee red 
UMl mdliuit. ud all awtnglng their arms «id tslklng at nn™. Thene men have been 
taking ■Imlinl. and, annly, you will nay, it has Btiniulatfd theni. But If you wltl 
■tteiHlfoFaiomtienttovhattheyarenylng, y»u will aee that there Is DO true bndn- 
atimulUlini nlnut it We ihall he niminde.1 nther of what Addison ayi ol tlie dlA^ 

inimberiaMeiilriva|(ancLe8.andB5nwEaBlonDtnuiiti6s«hii:h paaa tlirongh bcith. The 
gmt dUferenee la that the Dnt knows how toplck ard cull his UionghU tot eunvena- 
Upn, by BUiipreseiUK some and conununleaUng olhen ; obema tlie other let* them all 
iDdin^rentlr fly out In wordsl The otae with tlieie rerelen Ih imM^iiwIy this. The 
pDlsuD whii'-h they have taken has paralysed tlieir eonservatlve (kcultiea, uid the talk- 
ing jaiijienBlty ia ninninx ou witlinut anjlhliiK tu hoLl it hi iJiuck and rvfiikle it."— 
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young, ami is far ninre hurtful to the luiult than is generally 
BupposeiL It may be stated as a rule that there are few persons 
who use it habitually that do not siiffcr injury from it, Tlw 
injiiiy is mainly cauBeii by v\tiit is kuown as " niuotine," one of 
the narcotic poisons, and partiuulurly prominent in tobacca 
Some of the effects of its limited use are nausea, vomiting, ver- 
tigo, and weakness ; and its prolonged use, by those wlio are 
sensitive to it, often results in convulsions and otlier like symp- 
toms, together with an irritability and weakened condition of 
the heart kuown to physicinna as the " tolia^co-heiirt." 

40. Effeots on the Young. — Oi the pemicious influence of 
the use of tobacco ii]x)n tlie young, the testimony of the Naval 
and Military Academies of the country is very decided. It has 
at times been allowed in both institutions, but at present it is 
forbidden, on the ground that its use is attended with serious 
r damage to liealtk It is stated that its prohibition at the Naval 
KAcademy in 1881 was received with unanimous approval by 
■ the officers in charge and with "great joy by many of the 
cadets." Tremor of the muscles, caused by smoking, was very 
noticeable in the drawings that form so important a part of 
the cadets' work. A teacher of drawing, of fourteen years 
experience, has said that he can always tell from the character 
of the lines in the drawings whetlier or not tlie pupils used 
tobacco.* Its avoidance has resulted in the reduced number of 
minor ailments that swelled the sick-list in years when its use 
was unrestricted. 

Athlutes and other persons who engage in running matches 
and the like, are commouly not allowed to use either alcohol or 
tobacco while they are " in training "; their use interferes with 
the fullest development of muscular strength. 

Prof. Mintf euzi, at PIn[«tiv«, Italf, > dlrtlnKulihed nnitarlui iinil phynlcten, 
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41. Cigarette-Smoking.— This fonn of taking tobacco is 
injurious in two particulars that do not apply to the other 
forms. The smoker of cigarettes, either voluntarily or involun- 
tarily, takes into his lungs a very largo amount of smoke, and 
with it, that hurtful element, carbonic oxide. Again, there is 
an excessive amount of adulteration of the tobacco in cigarettes ; 
and one substance, opium, is largely so used and is extremely 
injurious. 

42. Snuff-Talcing. — In addition to the hurtful effects of 
tobacco generally, snuff-taking is notoriously injurious to the 
senses of smell and taste, and to the voicp. 

"The end of all science is to secure long life and good health to the individual and 
the race, and it ought to be a part of the rational creed of every good nian and woman 
to algure the use of tobacco and keep others from &lliug into the vice."— I>r. C. R. 
Dryadale. 

" Of tobacco, Franklin said that he could not think it had ever done much good in 
the world, since he never knew a person who used it habitually who would recommend 
another to do the same." 

" Tobacco is certainly not a food for man, nor has it much value as a medicine. The 
tobacco-worm is the only animal known to thrive upon it."— F. //. Hamilton. 

An illustration of the depressing influence of tobacco is given by Dr. Jacob Bigelow, 
who states that soldiers, when wishing to shirk duty and get on the sick-liHt, sometimes 
succeed in bringing on the symptoms of alarming illness by wearing a piece of tolacco 
under each arm-pit. The skin absorbs sufHcient of the poison to afliect the general 
system to a marked degree. 

43. Narcotics. — The term narcotic is applied to different sub- 
stances derived chiefly from the vegetable kingdom, which 
have the wonderful property of quieting pain and causing 
sleep. Next in importance to alcohol — which belongs to the 
narcotics — are opium (and its prepamtions), chloRvl hydrate, 
hasheesh and chloroform. 

44. Opium. — Opium is the thickened juice of the poppy- 
plant of India, and is commonly regarded as the most important 
of the narcotics. Its active principle is morphine, which gives 
the soothing property to laudanum, paregoric, and Dover's 
powders. It is also used in nostrums to put infants to sleep : 
but unwisely used often brings on a sleep that knows no wak- 
ing. 
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45. Efhcts of Opium. — Opium is particnlariy injnnoS" 
to ih« vixm^'. even small drees sdmetiines producing alarming 
Bjmptoms. Uiim aduils tlw est^rnal effecls are not a^i notice- 
able a.« ar^ Uux^e of alcohol, but the mind is more deeply stirred 
and th^ flow of ideas more co[M(>its. 

46. Danger fhmi Opiates. — The use of opium for relieving 
pain has been known for humlreds of years. The encheitting 
sense of relief to snflering wrought by opiates leads to tlie mor- 
phine habit, cominutdy called opium-eating. It vill be seen, 
therefore, why such great care is exercised by physicians in ad- 
ministering opiates, lest their patients afterward fall into the 
iiahit of taking them without medical advice. 

■Tbc t^nni «tn- Iosh none at Ml nml •enajbilllks gr upintianii ; he wlabH iDd 
tly u Hvr to naliie wlut he 1»Uens pnuDilc and tetlt tn ha ameted 
III InlcUccttaJ kppnheiuioTU nT whM Is puuible innnitelf antrniw II* 
:n7atiun oolj but bven the povH to lUempt. He lies imder the wel^t 
oLghDnim ; he Iks in ^ghl ff all thmt lie would bin perfonn, JDit u M 
iDBned to his bed hy the mitrUL lAPgunr of a relaxing diaeaae, who is 
itDHs iiyiuy lod outAgv (tfFun^ to mme o\^eet of hla tendeiwt love ; 
he Funefl the apeils which chain biv down ftoio mntiun ; he woqU la^ dowri hla life 
if he might liut gel ut> and walk ; but he id poweiieu as an ib&nl atid caojiot oven 

47. Physiological Effects of Opium. — The frequent use of 
opium disturbs and weakens the stomach as well as the other 
digestive orgitns ; hence we invariably find the opium-eater to be 
a lean, yellow, sallow personage. His mnsuular anil mental 
powers arc iiupdred, and his will is terribly enfeebletl. This 
druiidfiil habit can lie broken only wth unsjieakabk Buffering to 
its yietini. 

48. Chloral Hydrate. — Chloral hydrate, commonly callcNl 
clUor.d, is produced from alcohol, but ita power as a sedative 
was lint generally known imtil within the past twenty year& 
It also is a destroyer of apjwtite as well as of digestion, unless 
pteecribed in pmper doses, and the imfortunates once given 
over to it find tliemselves nnable to sleep without its continued 

It sliould never be tiiki'U except under the direction of 
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49. Hasheesh.— HasJiL-eah, thi' juicp of Imliiin hemp, iasaid 
to bo used by milliona of the inhaliitanta of Asia. It is not 
much known in the weBtem countries. In the Kast thu esuite- 
mant cunaed by its nse takes the fonn of furious madness, lead- 
ing its victim to commit auta of violenue and murder. Hence 
the term " hasheeshera " in our language has come to be synony- 
mous with aesussins. 



"As uverrhnclj knows, Iho InlnrfcmUon nan 
by opinin, iltar > Bnrt pericKi n( aicilMneiit, lirt 


la ot tlili: otliFT poiwni see H mun 


tleuly. Soon -alpmliiUy imilet Um [nfluencs 


of nloohol-Uio wakr-niBB of the will 
ea ud criiDsa L-ouunittiai In tMs tMa 



50. Chloroform. — Chloroform, another product from alcohol, 
is UBod by inbaJjition wjien surgical operations aru to Iw per- 
formed. As it is very powerful and subtle in its action, the 
unskilful use of it is ilangerouB in the extreme. The habit of 
taking chloroform by those who are great physical sufferers, or 
whose constitutions have been wrecked by the use of otlier nar- 
cotics, should be discouraged. It tw often happens that the 
career of such is short, for the drug may easily bo taken in 
excess aud so cause death- 

51. Sleep Produced by Narootios. — Opium and the opiates 
have the power of tiuieting the activity of the brain, and of 
compelling sleep. Tliis may be a blessed action if skilfully 
applied by the physician, but not so applied it is the source of 
infinite poriL Tlie sleep so caused differs from natural, restful 
slumber, especially in the fact that the after effects are commoidy 
depressing and disturbing to the brain to the extent of being 
harder to beat than the wakefulness on account of which the 
drugs are taken. 

Very young persons are especially subject to injury by sleep- 
producing medicines ; and many are the deaths that have been 
caused among infants by the giving of " soothing syrups," " cor- 
dials " and " anodynes " that are so freely made and svld for the 
purpose of compeUing sleep. 
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52- Results of the Use of Narootios. — The ukr of an; c 
tlicso narcotics, without proper medical (ulvico, is their abuse. 
In this way they bei:oMie powerful for harm. They are no 
longer roDieiiies, but poisona. Self-prescribed, they have ei thou- 
siiml times been the instrument of unintentional suicida 

The Narcotic* uid DlKSstion.— Tho hiMtual use oC opLuiii mid otbu nu- 
cotlu rtnign la unrtietid]]' lo dlguiUun, Indlng to nsosca wid a dllUulu fi>r wboIcmmB 
food. Tbo vigor of Uii organi of dl^^llon !a Impalreil. 

Tho d[Hturlilng eCftetfl dT toba<;GO, In pruddclug rmiuca lod TouiJtEng. ta well knovn ; 
uid Ea alnuriit the lnvarwbls uperiflnoc of all lieglnpqrv In the lute {>r ttuit subalajiL-e ; 
lout of siiiKtiUi ia ■ very heqoent r«u1t of Uw hibitoil lue oflt. 



The Bmotiona Inflnenoe the Bodily HMtlth.^"The eidtlDeanotioM 
whk'lurv plemiorilplr-, sucb mjiijind hope, aiv otn Wnd thBtaeldom tend M >dsn- 
jfBToiB BiceM, »nd may 1* r^ajded aa oierclslng gniiBmlly an ominratly b«lth(UI 
Influence upon Uie buly, HUajity la ■ great refrealieT and atrenj^benEr of Die. 
LtnghlEi la a wboleiome eiordK, wbkh, beginning at the lungs, disphngnii and con. 
DEuted miuicIeB, li cootbined to the whole body, ' sblklng the aides.' and muaing that 
Jelly-like vibraUon of the frame of which we are an »gre™bly conac'loiu when under 
lU loflutfooe. The heart heats more briskly, bat wltfa a aafe T^ularlty uF actJon, 
and wnda the blood to the smallest and moat distant veaHl. The Ihce gtowa vltli 
warmth and color, the eye britfllena, and the tempersturo of tho whole body 1b niod- 
enlely nised. With die nnlveraal plesKorable sensation there cornea a dlapuaitlon of 
etery organ to healthy action. When hilarity and its ordinary eiprsaBloD of bkoghtsr 
become habitual, the Insenalblo pcrsplnRon of the akin la Incieiaed, the breathing 
quickened, the lungs and chest expanded, tbe appetite and digestion atrengthflmd, 
and untiltlon conaequently Incroaacd. The old proverb, ' Laugh and grow fkl,' itatea 
a aclentlHc truth. The Influence oT Uugbter upon the body ia recognlinl by miakiqnra. 
In his deacrlptlon of the 'spare Canslua'—' Seldom he smiles.' 'To be bve-mlndad anl 
efaeerAilZy disposed at hours of meat, and sleep, and exHtUse, in one of the best pnwepta 

and grief, are alwaya Iktal tobcBltb, and frequeot eausea of death. Then ja an Eaaton 
apologue which describes a alranger on the trad meeting (he Phigne oomlngoatot 
SUgdail. ' You have been committing great havoc there,' said the traveler, pointing to 
the city, ■ Not ao great ! ' replied the Plngi 
died; the other two thlida killed themselvei 
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QUESTIONS FOR TOPICAL. REVIEW. 

PAGC 

1. State Mly what is meant by the tenn vegetable function 106 

2. To what is man indebted for his position in the animal creation ?. 106 

8. What can you state on the sal](|ect of special organs for separatv functions ?. . . 107 

4. Describe, as fully as you can, the structure of the nervous system 107 

5. Describe the brain, its location, size, shape and structure » 100 

6. Describe the brain proper, OT cerebrum 109 

7. Describe the cerebellum, or little brain Ill 

8. Describe the spinal cord 112 

9. What are the spinal nerves, and how are they arranged ? 113 

10. Give and illustrate the (tmction of nerve fibres. 114 

11. Describe and illustrate the sympathetic system of nerves 114 

12. Explain what is meant by tlie functions of the nerves, and give the illustration 115 

13. What can you state of the rate of message-motion along a nerve ? 116 

14. What are the Auctions of the spinal cord ? 116 

15. What experiments, with results, upon the spinal cord are noted ?. 116 

16. Explain how iojury of the cord may produce paralysis of motion in one leg, 

and at the same time a loss of sensation in the other. 116 

17. Explain how, if the right hand be hurt, the left side of the brain is made to 

feel the pain 117 

18. Now, explain as fully as you can the direction of the fibres uf the cord 117 

19. What is the reflex action of the cord, and its use ?. 117 

20. What is the medulUi oblongata?. 118 

21. What are the functions of the medulla oblongata ? 118 

22. What are the functions of the cerebellum ? 119 

23. What is the ftinction of the cerebrum ? 119 

24. In what way does the size of the brain generally indicate the cliaracter of the 

man? 119 

25. What &cts show that the gray substance of the brain is insensitive ? 119 

26. Upon what does the &culty of language seem to depend ? 119 

27. Of what importance is the reflex action of the brain ? 119 

28. What changes are produced in the brain by the use of alcohol ? 120 

20. What are the effects upon the mind ? 120 

80. How docs the will suflTer by alcohol ? 121 

81. What were the results of Father Matthew's labors in behalf of temperance ?. . . 122 

82. What is said of the poisonous effects of alcohol upon man ?. 122 

S3. What are the uses of tobacco ? 128 

84. What is the most prominent element in tobacco and what can you say of it ?. . 124 

85. What has observation shown to be the efiiects of tobacco upon the youth ?. . . . 124 

36. What can you say of cigarette-smoking? 125 

87. What is said of snuff-taking ? 125 

38. What do you understand by the general term " Narcotic ?" Name some of 

its forms 125 

89. What is opium and in what medicines is it found ?. 125 

40. Give the first effects oftpium 126 

41. What is the danger to be feared by its use ? 126 

42. What results fh>m continued use of opium ? 126 

43. What can you say of chloral-hydrate ?. 126 

44. Say what you can of hasheesh 127 

45. How is chloroform produced and how is \t somftlVmftft xjae^l '^^^ 

40. H^^ ooocius/ons do you draw as to the u^ ot naxQoW^fkl <• ^^^®* 
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The Special Senses. 

The Production of Sensations— Variety of Sensations — Gen- 
eral Sensibility— Pain and its Function — Special Sensa- 
tion, Touch, Taste, Smell, Sight, and Hearing — The 
Hand, the Organ of Touch — The Sense of Touch — 
Delicacy of Touch — Sensation of Temperature and 
Weight — ^The Tongue the Organ of Taste— The Nerves 
of Taste— The Sense of Taste and its Relations with 
the other Senses— The Influence of Education on the 
Taste — The Nasal Cavities, or the Organs of Smell^ 
The Olfactory Nerve— The Uses of the Sense of Smell 
—The Sense of Sight— Light-The Optic Nerve— The 
Eyeball and its Coverings — The Function of the Iris — 
The Sclerotic, Choroid, and Retina — The Tears and 
their Function — The Movements of the Eyeball — The 
Function of Accommodation — The Sense of Hearing 
and Sound— The Ear, or the Organ of Hearing — ^The 
External, Middle, and Internal Ear. 

I. Production of Sensations. — We have already seen that 
(he true centra of eensu,tion is some organ within the skull, 
probably among the gray masses at the fiase of the bmin ; but 
the mind never perceives impressions at that point, but, on the 
contrary, always refers them to the external oi^pms of aerisation. 
Hence it is convenient to siiy, that those outer parts possess the 
pro])erty of sensibOity. For instance, we say that we hear with 
ear, taste with the tongue, and feel with the fiiig€ 
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tliis is ttot tlie exact trtitli is I'roveu hy ihv Uu-l, thai whenever 
tlie nerve coimectuig one of these uit^iib with the brain is 
severed, it at once loses its capacity for ecnsation. 

2. Consciousness, another faculty of tho brain, i^ necessarjr 
to complete a sensation. During sleep, and in other uuiwn- 
GCioua states, the usual im|>re8sionH are presented to the Eiar, the 
nose, and the skin, but they fall to excite sensations; because 
the norve-wntrea are inactive. In profound insensibility, from 
chloroform or ether, a limb may be removed without occasioning 
the leiLst feeling. 

3. Variety of Sensations- — All animals have some degree 
of senHibility. It is of course feeble and indistinct in the lower 
forme of life, but increases in power and variety as we ascend 
the scale. In the earth-worm, the nervous system ia very 
simple, the sensibility being moderate and alike* in all parts : 
hence, if its body be cut into two pieces, each piece will have 
the same degree of feeling as before. As we approach man, 
however, the sensations multiply and become more acute ; the 
organs are more complex, and apbcial parts are endowed with 
special gifts. These special organs cannot be separated from 
the rest of the body without the loss of the functions they are 



4- The lowest form of sensation, that of simple contact, is 
possessed by the lowest of the animal creation. The highest 
forms are those by which we are enabled to know the properties 
of external objects, such as shape, size, sound and color. Sen- 
sations are modified by use. They become more acute and 
powerful by moderate exercise ; or, they are dulled by undue 
excitement. The former is shown by the acute hearing of the 
Indian, by the sharp sight of the sailor, and by the delicate 
touch of the blind. The latter is exemplified by the impaired 
hearing of the boiler-maker, and the depraved taste of him who 
uses pungent condiments with his food. Again, impressions 
liabitually presented may not be consciously felt ; as ia the case 
with the rumbling of carriages in a ne\^\)0'rav^ ^^tiaXi, is^ '^mi 
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regular ticking of ii ulouk. All sensations become lee* acate 
th the ailvance of w^-, especially lieuriiig and vision. 

5. General Sensibility. — There is a iiTOifeity possessed by 
nearly all [larta of the Imioan body which we call general sensi- 
bility. Tlie bmin is wholly insensitive, and may he cut or 
pinched without pain. Tlie same is tnie of the nniU, hair, the 
scarf-skin or external covering of the body, and a few other 
structures. In these parts no nervea are found. On the other 
liand, the sensibdity of the true skin, and of mucous membranes, 
as of the eye and nose, la exiinisite, these organs having a lai^ 
Bupply of sensory nerve-fibres. The bones and tendons have 
less of these fibres, and are only moderately sensitive. 

6. The sensibility of any part of the body, then, depends 
upon the number of nerves present ; and, as a rtUe, the nervous 
supply is proportionaj to the importance of the part, and to its 
liability to injury. When, therefore, a suiyical operation is 
performed, the most painful part of it is the incision through 
the skin ; the muscles, cartilage, and bone being comparatively 
without sensation. Hence, if we could benumb the surface, 
certain of the lesser operations might be undergone without 
great inconvenience. This is, in fact, very aucceasfuily accom- 
plished by means of the cold produced by throwing a spray of 
ether, or of aome other rapidly evaporating liquid, upon the part 
to be cut. 

7- Tickling is a modification of general senaibUity. At first, 
it excites a pleasurable sensation, but this soon passes into pain. 
It is only present in those parts where the sense of touch is 
feeble. But all impressions are not receiveil from without: 
there are, also, certain internal sensations, as they are called, 
which de]>end upon the condition of the internal organs, such 
aa appetite, hunger, thirst, dizziness when looking down from 
some lofty position, drowsiness, fatigue, and other feelings of 
comfort or discomfort. General sensibility, whether of the 
internal or external organs of the body, chiefiy depends upon 
'tie sensory fibres of the spinal uetve, T^e tjftft, however, ia 
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BDpplied by the eensnty cranial lU'rves. The symjuthetii; ays- 
tern has a low grade of feeling in health ; hut disease in the 
parts served by it arouses an intense degree of pain. 

8. The Sensation of Pain.— What thoti is p/iin f Is it 

identical with ordinary Bcnaihility T There suems ti» lie some 
necessary ciinneetion between the two feelings, for they take 
place throii^^h the same channels, and they are alike inttmsa in 
the same situations. But senBibility hahitnally contributes to 
our sources of pleitnure, the vary opposite of pain ; hence, these 
feelings cannot be identicaL 

9. Fain must, therefore, be a modification of the general 
sensibility which follows an excessive degree of excitement of 
the nerves ; there being a natural limit to the amount of stimu- 
lation which they will sustain. So long as this limit is 
observed, the part excited may ho said to be simply sensitive ; 
but when it is exceeded, the impression becomes painful. This 
difference between, sensibility and pain is well shown liy the 
effects of sunlight upon the eye. The indirect illumination of 
the sun arouses only the former feeling, and is indispensable to 
our comfort and existence ; while the direct my received into 
the eye occasions great pain. 

10. The Uses of Pain. — The dread of pain is a valuable 
monitor to the body. It puts us on our guaid in the presence 
of danger ; teaches moderation in the use of our powers ; indi- 
cates the approach of disease ; and calls attention to it when 
present The word disease, in fact, according to its original 
use, had reference simply to the pain, or want of ease, wliich 
commonly attends disordered healtL When we observe the 
serious mishaps which occur when sensihihty and pain are 
absent, we cannot fail to appreciate its value. For example, a 
paralytic in taking a foot-hath, forgets to test its temperature, 
and putting his limbs into water while it is too hot, is severely 
scalded without knowing it 

11. Pain is, indeed, a present eril, hut its relations with the 
fiiture prove its mission merciful. Conavies^i ^"s^ 'ilB.tXv'^*. >^ 
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;ults, pain has a use ahnvi; tlint of pleiisure ; fnr while 
immoderate pursnit of the latter leads to hann, tlie tendency of 
pain is t« restrict the hurtful courses of life, and in this man- 
ner to pKJteut the body. 

12- As to painful sensation among the inferior animals, the 
plan of Nature seems to lie, that the higher the intelligence of 
the creature, and the more complete its jwwer of defence, the 
more acute is its sensiliility. We infer, therefore, that animalB 
low in the scale of existence, and heJplete, are not very liable to 
BulTer pain. 

13. Special Sensation. — The sensations of simple contact 
and pain are felt by nearly all parts of the system, whether ex- 
ternal or internal, and are the necessary consequence of the 
general sensibUity. Besides these feelings, man is endowed 
with certain speeial sensations, which are positive and distinct 
in character, and which he can call into exereise at will, and 
employ in the pursuit of knowledge. 

14. These distinct and active faculties are termed the special 
senses, and are five in nmnber, viz.. Touch, Taste, Smell, Sight, 
and Hearing. For the exercise of these senses, special organs 
are furnished, such as the hand, the tongne, the nose, the eye, 
and the ear. The manner in which the nerves of special eense 
terminate varies in the case of each organ, so tliat each is 
adapted to one set of sensations alone, and is incapable of per- 
ceiving any other. Thus the nerve of hearing is excited by the 
waves of sound, and not by those of light, while the reverse is 
true of the nerve of sight 

15. Ey some writers six senses are accorded to man; the 
additional one being either the sense of temperature, for as we 
shall presently see this is not the same as touch ; or, according 
to others, the muscular sense by which we are enabled to esti- 
mate the weights of bodies. The latter also differs in some 
respects from the sense of tflucli. 

16. Organs of Touch. — The sense of touch is possessed h^r 
wlf all portions of the generaV aiHiiicfi oi ttva body, but it 
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finds its highest development in the hands. The human hand 
is properly regarded as the model organ of toucL The minute 
structure of the skin fits it admirably for this form of sensation : 
the cuticle, or scarf-skin, is fine and flexible, while the cutis, or 
true skin, contains multitudes of nerve-filaments, arranged in 
rows of papiUcBf or cone-like projections, about one-hundredth 
of an inch in length. It is estimated tliat there are 20,000 of 
these papillae in a square inch of the palmar surface of the liaud. 
Now, although the nerves of the cutis are the instruments by 
which impressions are received and transmitted to the brain, yet 
the cuticle is essential to the sensation of touch. This is shown 
by the fact that whenever the true skin is laid bare, as by a 
bum or blister, the only feeling it experiences from contact is 
one of pain, not that of toucL 

17. The office of the cuticle is thus made evident : it is to 
shield the nerve filaments from direct contact with external 
objects. At the tips of the fingers, where touch is most deliciite, 
the skin rests upon a cushion of elastic material, and receives 
firmness and permanence of shape by means of the nail placed 
upon the less sensitive side. Besides these favorable conditions, 
the form of the arm is such, and its motions are so easy and 
varied, that we are able to apply the test of touch in a great 
number of directions. The slender, tapering fingers, with 
their pliant joints, together with the thumb, enable the hand 
to grasp a great variety of objects; so that great as are the 
delicacy and grace of the hand, it is not wanting in the 
elements of power. 

18. The Sense of Touch. — Touch is the simplest of the 

senses. It is that which the child first calls into exercise, and 
it is that which is in the most constant use throughout life. 
We are brought by the touch into the most intimate relations 
with external objects, and by it we learn the greater number, if 
not the most important, of the properties of these objects ; such 
as size, figure, solidity, motion, and smoothness or rougliness of 
surface. 
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19. The sense of iaavh assists the other seneea, especially that 
of sight, giving founilation ami reality to their jierceiitioiia. 
Without it, the iniprosBiona received by the eye would be as 
vagtie and unrenl as the figures that float through out dreama. 
A boy who had been blind from birth, at the age of twelve 
years received sight by a means of a surgical operation : at first, 
he waa unable to distinguish between a globe and a circular 
card, of the same color, before he had touched them. After 
that, he at once recognized the differoncc in their form, lie 
knew the peculiarities of a dog and a cat liy feeling, but not 
by sight, until oue day, happening to take up the cat, be recog- 
nized the connection of the two sorts ot impressions, those of 
touch and sight ; and then, putting the cat down, he said : " So 
puas, I ahall know you next time." 

20. Of all the senses, touch is considered tlie least liable to 
error; jet, if that jiart of the skin by which the sense ia exer- 
cised is removed from its customary position, a false impression 
may be created in the mind. This is well illustrated by an ex- 
periment, which dates from the time of Ariatotle. If we cross 



tEhe middle finger behind the fore-linger, and tlien roll a marble, 
or some small object, upon the tips of the fingers (see Fig. 34), 
the impression will be that two marblea are felt. If the fingers, 
thus tranaposed, be applieil to the end of the tongue, two 
tongues will be felt. 
21- The Delicacy of Touch.— -\!thou(;h the hand ia the 
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proper cngan of this sonae, yet it is exerciBeil by various 
parts of the body, tlieir degrtse of sensibility bc'inn jiroiwrtionsl 
to the number of papillae they contniiL The varying dejprees of 
tactile delicaiiy of the different pnrtH of the surfiiee have been 
measured, in an ingenious manner, by means of a jwir of com- 
passes, tipped with auiall pieces of cork. Tlie two jxiints of 
the compasses are touched at the some moment to the skin, the 
eyes being closed, and it is fonnd that, in sensitive i>arts, the 
distance between the points may be quite slight, and yet each 
be plainly felt ; while, in leas sensitive [larts, the |K>ints of the 
compasses are felt as a single point, although they are separated 
one or two inches. 

2Z At the tips of tlie fingers, the distance between the jioints 
being one-twentieth of an inch, a double impression is felt. 
The distance must be twice as great, for the palm ; four times 
as great, for the lips ; and, on the forehead, it must be twenty 
times greater. At the middle of the back, where the touch is 
least acute, the points must be separated more than two inches 
before they can be separately felt. Therefore, tlie sense of 
touch in the fingers is said to be Hfty times more delicate than 
upon the posterior surface of tlie body. 

23, Exquisite dehcacy of touch is attained by practica 
This is shown in many of the lighter and more graceful em- 
ployments of daOy life. Witliout it, the skill of tlie painter, 
sculptor, and musician would be rude indeed By training, 
also, the physician aoj^uires the taetus ervdifus, or discriminating 
touch ; but among the blind, delicacy of touuh is most remark- 
able, and it here finds its highest value ; for its possession, in 
a measure, compensates the loss of sight by enabling them 
to read, by means of raised letters, to work with certain tools, 
and even to play upon musical instruments. A person bom 
without sight, and without hearing or voice, may, by the educa- 
tion of the touch, be rescued from apparent imbecility, and be 
taught not only to road and write, but even to perform house- 
)ld and other useful la)K>rs. 
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24. Senaations of Temperature and Weight— Each of 

thijiw sensatious has been (Jtiscribi'il liy the [ihysiologiata aa a. 
Bpecial sense, iind tliey are rivul candidutes, bo to speak, for tho 

. position aDil title of the sixth sense. In the seDsation of tem- 
perature, or the thermal sense, touch bears a part, but the two 
feelings appear to be distinct. In proof of this, we observe, 
firstly, tliat they are not alike intense in the same situations ; 
, for example, the skin of the faee and elbow, where the 
sense of touch is feeble, is very sensitive to impressions of heal 
and cold. Secondly, the ability to recognize temperature may 
be lost by pandyaia, while the sensibility of touch remains 
unaffected. When the skin conies in contact with a very hot 
substance, the sensation felt is tliat of pain, not of touch. In 

I like manner, a very cold substance causes pain, not the feelinfj 
of coid. So that a red-hot iron, and solid carbonic acid (the 
temperature of which is 108° below zero), feel ahke ; and each, 
if pressed slightly, will produce a blister, 

25. Tho mmcttlar nenge, by some considered distinct from 
touch, gives rise to the sensations of weight, and other forms of 
external resistance. That this feeling exists, is shown by the 
foUowing simple experiment If the hand be placed flat upon 
a table, and a somewhat heavy weight be put into it, touch 
alone is exorcised anil a feeling of pressure results ; but if the 
hand bo raised, a certain amount of muscular efibi't must be put 
forth, and thus the sensation of weight is recognized. Through 
tho muscular sense, precision of effort is rendered possible ; for 
by it we learn to ailjnst the force exertetl to the weight of the 
object to be lifted, moved, or carried. Without it, all our 
movements would necessarily become ill-regulated and apas- 
modic. 

26. The Organ or Taste. — Tlie ton-pie is the special 
organ of the sense of taste ; but the back part of the mouth 
also possesses this faculty. The tongue is a muscular organ, 
the muscles composing it being so numerous and interwoven as 
to^jve it the frenhni and variety of mntion wldcli it (lossesses. 
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S can curve itself upward or downward ; it can extend or cdn- 
tract itaelf ; and, with its point, fan sweep the cavity of the 
mouth, in all direttions, in tlio search for scattered particles of 
foo<i 

27. The upper surface of the tongue is pocidiar, being marked 
by the prusence of innumerable papiU<e, some of wliich are of 
microscopic siie, resembling those that abound in the fingers, 
and in other parts of the body that Itave the sense of touch. 
Others are much larger, and give to the tongue its roughness of il 
feeling and appearance. Tlirough the m'edium of these papille, [| 
the tongue receives impressions of touch and temperature, aa L 
well as taste ; indeed, its extremity is hdly as delicate, in r&- |. 
spect to tactile sensations, as the tips of the fingers themselves. \ 
It can recognize tlie two points of the compasses when sepa- 1 
rated not more than one -twenty-fourth of an inch ; the back of j 
it is much less sensitive to touch, whde at the same time it is u 
more highly sensitive to impressions of taste. | 

28. Each lateral bulf of the tongue resembles the other in i 
structure, and each receives the same number of nerves — three, | 
One of these regulates motion, the other two are nerves of 
special sense. One of the latter supplies the front half of the I 
tongue, and is calleil the giiMtatory nerve. This is a branch of ' 
the great cranial nerve, called the " fifth pair," which ramifies -i 
in all parts of the face. The back of the tongue is endowed • 
with the power of taste through a nerve known as the gtosm- \ 
plinrymjenl, because it is distributed liioth to the tongue and ' 
throat This difference in the nervona supply of the tongue ^ 
becomes significant, when we learn, as we shall presently, that 

each fart of it perceives a different class of flavors. 1 

29. The Sense of Taste.— Taste is the special sense by , 
means of which we discover the savors, or flavoring properties J 
of the substances, which come in contact with the tongue. !] 
Mere contact with the surface of the tongue, however, is not I, 
sufficient, but contact with the extremities of the nerves of | 
taste within the }>ai)illa> is renuiici. \\\ ii>i>\fti •ivAi'vKw, ■«^^ 
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^^K Bldiic« to be tasted luay penetrate the ceUs covering' tlie nerves, 
^^B it uuiat eitlier be liijuiil in form, or reailily soluble in tlie watery 
^^K secretiun of the mouth, the Buliva. The tongiie must be moist 
^^B ftleo. If the substance be insoluble, as glass or sand, ut the 
^^B tongue dry, the sense of taste is not awakened. In sickness, 
^^B when the tongue is heavily coated, the taste is very defective, 
^^ or, as is frequently expressed, " nothing tastes aright." 

30. All portions of the tongue are not alike endowed with 
the sense of taste, that function being limited to the posterior 
third, anil to the margin and tip of this organ. The soft palate, 
also, [Kissesses the sense of taste ; hence, an article that has an 
f^eeable flavor may very properly be spoken of as jialatable, aa 

I is often don& All parts of tlie tongue do not perceive equally 
well the same flavors. Thus, the front extremity and margin, 
which is the portion supplied by the " fifth pair " of nerves, 
perceives more acutely sweet and sour tastes ; but the base of 
the tongue, supplied by the gloBm-phanjngeal nerve, is espe- 
cially sensitive to salt and bitter substances. The nerve of 
the front part of the tongue, as before stated, is in active 
sympathy with tliose of the face, while the relations of the 
other nerve are chiefly with the throat and stomach ; so that 
when an intensely sour taste is perceived, the countenance is 

(involuntarily distorted, and is said to wear an acid expression. 
On the other hand, a very bitter taste affects certain internal 
organs, and occasions a sensation of nausea, or sickness of the 
stomach. 
31. Relations of Taste with other Senses.— Taste is not 
a siniple sense. Certain other sensations, as those of touch, 
temperature, smell, and pain, are blended and confused with it ; 
and certain scwalled tastes are really sensations of another kind. 
Thus an astringent taste, like that of alum, is more properly an 
astringent feeling, and results from an impression made upon 
the nerves of touch, that ramify in tlie tongue. 

32. Taste is largely dependent upon the sense of smelL A 
considerable number of subataiicpji, like vanilla, coffee, and gur- 
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Tic, which api^ar to possess a strong ainl ilistiiiit flavor, liave in 
reality a powerful oilor, but only a feeble tjiBte, Whoii tho 
sense o( smell is interfered with by holding tliH nose, it becomes 
difficult to distinguinh between eubstan<M» of tlug dofts. The 
same effect is frequently obsen'ed when smell is blunted during 
an ordinary cold in the head. Sight, also, contributes to taste. 
With the eyes closed, food appears comparatively insipid ; and 
a person smoking tohaL-eo in the dark ie unable to determine by 
the taste whether his cigar is lighted or not. Accordingly, it ia 
not a bud plan to close the nose and shut the eyes when about 
to swallow some disii|^Teeable medicine. 

33. Influence of Eduoation on the Taite.— T!ie chief use 
of tJie sense of ta^nte appears to be to act as a guide in the selec- 
tion of proper food. Hence its organs are properly placed at 
the entrance of the digestive canal. As a general rule, those 
articles which gratify the taste are wholesome ; while the oppo- 
site is trite of those which impress it disagreeably. This state- 
ment is more exact in reference to the early years of life than 
to later years, when, by reason of mischievous habits, the sense 
of taste has become dulled or ])erverted. The desires of a child 
are simple ; he is fully satisfied with plain and wholesome 
articles of diet, and must usually " learn to like " those which 
liave a strongly marked flavor. Accorduigly, it ia far easier at 
this age to encourage the preference for plain food, and thus 
establish healthful habits, than later in life to uproot habits of 
indulgence in stimulating substances, after their ill effects begin 
to manifest themselves. 

34, Tho tastes of men present the most singular diversities, 
partly the result of necessity and partly of habit or education. 
The Esquimaux like the rank smell of whale oil, which is a 
kind of food admirably suited to the requirements of their icy 
climate ; and travelers who go from our climate to theirs are 
not slow to develop a liking for the same articles that the 
natives themselves enjoy, The sense of taste is rendered very 
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^^B acute by education, as is shown in nn especial manner by t! 
^^H wlio become professional " tasters " of tea nn<l wine. 
^H 35. The Sense of Smell— the Nasal Cavities.— The sense 
^^H of smell ia located iu the delicate mui:ous roeinbrane which lines 
^^H tlie interior of the nose. That pmininent feature of the face, 
^^B the nose, which is merely the front boundary of tbo true nasal 
^^ organ, is composed imrtly of bone and partly of cartilage. The 
upper part of it is united with the akuU by means of a few 
small bones ; to which circumstance is due its permanence of 

• shape. The lower jjortion, or tip of the nose, contains several 
thin pieces of cartilage, which render it flexible and better able 
to resist the effects of blows and pressure. Behind the nose we 
find quite a spacious chamber, separated from the mouth by the 
hard palate, forming the " roof of the mouth," and also by the soft 
palate (see Fig, 35) ; and divided into two cavities by a central 
partition running from before backward. 

36. These nasal cavities, constituting the true beginning of 
the air-passages, extend from the nose backward to the upper 
opening of the throat, and rise as high as the junction of the 
nose with the forehead. The inner wall of each cavity is 
straight and smooth ; hut from the outer wall there jut into 
each cavity tliree small scroll-like bones. The structure of these 
bones is very light, and hence they have been called the 
"spongy" bones of the nose. In this manner, while the extent 
of surface is greatly inureased by the formation of these winding 
passages, the cavities are rendered extremely narrow ; so mncli 
so, in fact, that a moderate swelling of the mucous membrane 
which lines them, as from a cold, is sufficient to obstnict the 
jiaRsage of air iJirough them. 

37. Tiie Nerve of Smell. — The internal surface of the nasal 
passages is covered by a delicate and sensitive mucous memhiane. 
Its surface is quite extensive, following, as it does, all the 
inequalities produced by the curved spongy bones of the nose. 
"Rie upper jwrtion of it alone is the seat of smell, since that 

^J^iri alone ifceive.* branches from the "first \)air"of cranial 
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nerves, or the olinrMny nerve, which is tho epecial nerve of 
smell (see Fig. 32). In Fig. 35 ia shown tlio dktributiou of 
tliis DVTve, in the form 
of on intricate network 
upon tlie two ujiiKir 
spongy bonus. Tho 
nerve ilaelf (1) does 
not issue from th<i 
ekull, but Tcais upon a 
thin bone whieh sepa- 
rates it from the cavity 
of the nopf ; and the 
branches which proceed 
from it pass through 
this bone by means of numerous smnll openings. The engrav- 
ing represents the outer surface of the right nasal cavity ; the 
three wave-like inequalities, upon which the nervous network ia 
spread out, ate due to the spongy bones. The left cavity is 

38- Tlie nerves which ramify over the lower part of the 
membrane, and which endow it with sensibility to touch and 
pain, are branches of the " fifth pair " of nerves. An irritation 
applied to the part^ where this nerve is distributed occasions 
sneezing, that is, a sposmoilic contraction of the diaphragm ; the 
object of which is the expulsion of the irritating cause. The 
manner in which the olfactory nerve-fibres terminate is peculiar. 
Unlike the extremities of other nerves, which are covered in by 
a greater or less thickness of tissue, these come directly to the 
surface of the mucous membrane, and thus come into very close 
contact with the odorous particles that are carried along by 
the respired air. 

39. The Uses of the Sense of Smell. — Smell is the special 
sense which enables us to appreciate odors. Touch, as we have 
seen, is largely concerned with solid bodies; and taste, with 
fluids, or with solids in solution. SmeW, on *Ct« Q'Oi\w\wm&,~-\s, 
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^^H designed to afford ue infonDation in reference to &n)»tanceB in a 
^^H Toktile or gaseous form. luvisible particles come frijin odorous 
^^H bodies, and are brought by the respired air in contact witli the 
^^H terminal filaments of the olfactory nerve, upon whicb an agree- 
^^H able or disagreeable impressiun is produced. The fineness of 
^^F the particles that constitute odors is often m extromc, tliat tliey 
^^ elude uU attempts to measure or weigh them. A piece of mnsk, 
for insliince, may Ije kept for severul years, constantly emittinfj 

t perfume, without any appreciable loss of weight In other 
cases, a. loss of substance is perceptible, such as the essential 
ods, which enter into the composition of the ordinary perfumes. 
40. Smell, like taste, aids us in tbe choice of proper food, 
leading us to reject such articles as have a rank or putrid odor, 
and which are, as a rule, unfit to be eaten. The highest osefnl- 
nesH of this sense, however, consists in the protection it affords 
to the oi^ans of respiration. Stationed at the gateways of the 
air-jiassages, it examines the current of air as it enters, and 
warns ua of the presence of noxious gases, and of other and 
generally invisible enemies to health. Not all dangerous vapors 
are offensive, but almost all offensive vapors are unfi t to be 
breathed. A number of small stiff hairs grow from tbe margin 
of the nostrils to prevent the entrance of dust and other atmos- 
pheric impurities, which would be alike injurious to the olfactory 
mucous membrane and to the lungs. The benevolent design of 
the Maker of our bodies may be observed in all parts of their 
mechanism ; but, probably, in none is it more clearly displayed 
than in connection with the sense of smell. 

41. The Sense of Sight — Sight, or Vision, is the special 
sense by means of which we appreciate tbe color, form, me, 
distance, and other physical properties of the objects of estemal 
nature. Primarily, this sense furnishes us with information 
concerning the different shades of color and the different de- 
grees of brightness : these are the simple sensations of sight, 
such as the yellowness and glitter of a gold coin. In addition 
A? i/ieee, there are composite visTitil sensalionB, ^wA\iiied by the 
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joint action of the other flenaea iiiiil by the use of the mcinory 
and judgment; auch as, in the case of the coin, its roundnesn, 
solidity, size, its distance and direction fmm us. So that many 
of our Bensatioiis, cummonly considereil as duo to siylit, are in 
reality the results of intellectual processes wliich take place 
instantaneously and unconsciously. 

42. Light— The Optio Nerve. — Unlike the Bcnses previ- 
ously considered — touch, taste, and atncll^-sight docs not bring 
us into immediate contact with the bodies that are examined ; 
but, by it, we perceive the existence and qiiahtiea of objects 
that are at a greater or less distance from us. In the case of 
tlie stars, the distance is incalculable, while the book we read is 
removed but a few inches. Light is the agent which gives to 
this sense its wide range. The nature of this mysterious force 
is not known, and it is not liere to be discussed ; since its study 
belongs more properly to the province of natural philosophy. 

43. It is sufficient, in this connection, to state that the 
theory of light now generally accepted, and which best ex|>lain3 
the facts of optics, is that known as the undulatory theory. 
This theory supposes that there exists an intangible, elastic 
medium, which iilla all space, and penetrates all transparent 
substances, and which is thrown into exceedingly rapid undula- 
tions or waves, by the sun and every other luminous body, the 
undulations moving not less than 186,000 miles in a second. 

44. These waves are thought to produce in the eye the sen- 
sation of light, in the same manner as the sonorous vibrations of 
the air produce in the ear the sensation of sound. That part of 
the eye which is sensitive to these waves is the expansion of 
the opfic tierce. It is-aensitive to no other impression than that 
of light, and it is the only nerve which is acted upon by this 
agent. The optic nerve, also called the " second pair " of cranial 
nerves, is the means of communication between the eye and the 

45. The Organ of Sight— The Eye.— The proximity of 
the e.vB to tie bnainj and the impotUn.*. V'*-''^ '*' '^'A'^^:^^^ ™- 
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^^H giving expression to the omotions, liave given it the name 
^^H " tbe window of the soul." The exceeding beniity of its estec- 
^^K nal partR, uud the high value of its function, have bag nttuk 
^^B this organ the subject of enthusiastic study. It is chiefly within 
^^B the last twenty years, however, that this study has been succeBs- 
^^r ful and fruitful of practical lesidts. Several ingenious instru- 
^^ mentfl have been invented for the examination of the eye in 
health and disease, and new operations have been devised for 

I the relief of blindness and of impaired visioa As a result, it is 
now a well-marked fai:t that, in civilized lauds, the number of 
those who suffer from loss of sight is proportionally muuh less 
than in countries where science is less known and cultivated. 
46. The most obvious fact in respect to the apparatus of 
sight is that there are two eyes, which may either act together 
as one, and be fixed upon one object, or one eye may be used 
independently of the other. In consequence of this arrange- 
ment the loss of one eye does not necessitate blindness, and, in 
fact, it not infrequently happens that the sight of one eye may 
he long impaired or lost before the fact is discovered. We next 
notice that it is placed at the most elevated part of the body, in 
front, and near the brain. It also commande a wide range of 
Tiew, being itself moved. with great rapidity, and being further 
aided by the free motion of the head and neck. The organ of 
vision consists essentially of two parts : the optical instrument 
itaelf — the eyeball — and its enveloping parts, or the case in 
which the instrument is kept free from harm. The lattci, 
which are external, and which we shall first consider, are chiefly 
the OrUte, the Eyelidn, and the apparatus for the Tears. 

47. The Orbits. — The eyeball, which is a delicate organ, is 
well defended against external injury within the orbits or bony 
sockets of the head. Ttiese are deep conical hollows, bounded 

kin part by the bones of the skull, and in part by those of the 
nose and cheek. The orbit juts out beyond the most exposed 
portion of the eyeball, as may be seen by laying a bowk over 
the eye, when it will be found that no \iart of the eyeball, un- 
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leBB it be very promiticnt, will ho toucheil by tlie book ; so that 
the only direction in wliich an injury is liable to lie reteivBil is 
immediately in front of the eye. The overhanging brow is itself 
coveted by a layer of thick skin, studded with short, stout hairs, 
which are bo bent as to prevent the perspiration from running 
into the eye and obscuring vision. Through a hole in the bot- 
tom of the orbit, the nerve of sight passes outward from the 
brain. The orbit also contains a considerable amount of a tatty 
tissue, upon which, as upon an elastic cushion, the eye rests. 

48. Ttw Eyelids. — The eyelids are two movable curtains, 
or folds, which, when shut, 
cover the front part of the 
orbit, and hide the eye from 
view. The upiwr lid is the 
lai^er, has a curved margin, 
and moves freely, while the 
lower lid is comparatively 
short and straight, and has 
but a slight degree of mo- 
tion (Fig. 36). Skin covers 
tlie exterior of the lids, 
while a fine mueous mem- 
brane linos their inner sur- 
face, and is likewise spread 

apKe.«Btlievi»lbl8p„rtaoDofO.= »im,l«:. ^^^ ^^^^ jj^^ ^^^j^^ front of 

the eyebaU. This membrane, which is called the Conjunctiva, 
is highly sensitive, and thus plays an important part in protect- 
ing tho eye gainst the lodgment of sand, ashes, chaff, and other 
foreign particles that are blown about in the air. Tliis sensitive 
membrane will not endure tho presence of these particles. If 
any find access, it causes a constant winking, a flow of tears, 
and other signs of irritation, until it is removed. 

49. The long, silky eyelashes, whicb garnish the edges of the 
lida, act like a sieve to prevent the entry of dust and the like ■, 
and together with the lids, they reguiato Wi a.w.w\Tv^. iA "V^^ 
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^^H which is permitted to enter the eye, so that it is shielded 

^^B a suddea flood or glare of light. The little points seen is 

^^B the figure just within the line of the lashes, especially on the 

^^H lower hd, represent the mouths of numerous little sebaceous 

^^H glands (Fig. 37, D, D), such as are always found in the neigh- 
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DD, The EyeUils. 

X. The LemtoT Mnsule oF th; Upper yd. 
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borhood of hairs. These glands supply a thick, oily material 
which grooses the edges of the lids and prevents their adhering 
together, and likewise prevents the overflow of the teats upon 
the cheek. 

50. The Lachrymal Fluid, or the Tears. — Just within the 
outer part of the bony a^^^h of the brow, where the hone may be 
felt to be sharjier than in other positions, is lodged a little organ 
failed tJjR lachrymal glaiul, the aiUution of which is indicated in 
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Fig. 36, 1. This is the glanil whence flows the watery aocre- 
tion, commonly called the tfarg, which ia desifjTiMl to perform 
an exceedingly impoi-tant duty in lubricating the lids, and in 
keeping the exposed siirface of the eyeball moiet und tmnspiireui 
For, without this or some similar liquid, the front of the eye 
would speedily become dry and lustreless, like that of a fish 
which has been removed from the water ; the simple exposure 
of the eyo to the air would then suffice to destroy vision. 

51, Secretion of the Tears.— This secretion of the tears 
takes place at all times, during the night as well as the day ; 
but it is seldom noticed, except a person is under the infiuence 
of some strong mental emotion, when it is poured forth in ex- 
cess, so as to overflow the lids. Strong light or a rapid breeze 
will, amoQg many other causes, excite the flow of the tears. 
That portion of this secretion, not used in moistening the eyo is 
carried off into the nose by a canal, called the iitmil dud, aitu- 
ateil near the inner angle of the eye. This duct, shown in Fig, 
36, 2, is connectetl with each lid by delicate tubes, which are 
iudicateil by dotted lines iu the tigure ; the asterisk marks the 
little opening in the lower lid, by which the tears enter the 
nasal duct. By gently turning the inner part of that lid down- 
ward, and looking iu a mirror, this small "lachrymal [Tomfmay 
be seen in your own eye. In old people, these points become 
turned outwards, and do not conduct the teats to tlte nasal 
cavity, 80 causing an overflow of tears upon the face. 

62. Tims we observe that the gknd which forms the tears ia 
placed at the outer part of the eye, while their means of exit is 
at the inner angle of the eye ; which fact renders it necesaaiy 
for this watery fluid to pass over the surface of the eyeball 
before it can escape. Tliis arrangement cannot be accidental, 
but eiTncea design, for it thus secures the perfect lubrication of 
the surface of the eye, and cleanses it from the siualler i)articles 
of dust wluch may enter it, in spite of the vigilance of the lids 
and lashes. The act of winking, which is generally unconsci- 
ously performed, and which takes pWe a\^ u^ ii\OT%'C-\wisB."-isi-ii 
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minute, assists this passage of the teara across the eye, and is 
especially frei[uent when the secretion is moat abiiniUot 

53. The Eyeball. ^The remarkable optical inatnunent called 
the eyeball, or the globe of the eye, upon which sight depends, 
is, as the name indicatea, aplierical in ahape. It ia not a perfect 
sphere, ainue the front part projects somewhat beyond the rest, 
and at the posterior part the optiu nerve (Fig. 37, N) is united 
to it, resembling the junction of the stem with a fruit. In its 
long diameter, that is, from side to aide, it meaauree a little 
more than an inch ; iu other directions it ia rather less than an 
inch. In structure, the ball of the eye ia firm, and may be felt 
by pressing the fingers over the closed lids. 

54. The eyelmll is composed chiefly of three internal, ttans- 
sparent media, called humors; and throe inveating coats, or 
hiwics. The fonner are the aqiieoua humor. Fig. 37, A, the 
cryataUiite lens L, and the vitreoits humor V. Of these the lens 
alone is solid- The tliree coats of the eyeball are called the 
aclerotie S, the choroid Ch, and the retina R. This arrangement 
exists in respect to five-sixths of the globe of the eye, but in the 
anterior one-sixth, these coats are replaced by the corrwa C, 
which is thin and transparent, so that the rays of light pass 
freely tlirough it, as through a clear window-pano. 

55. The Cornea in shape ia circular and prominent, resembling 
a miniature watch-glass, about -^ of un inch thick. In atructure, 
it resembles horn (as the name signiflea), or the nail of the finger, 
and is destitute of blood-vessels. The SckroHe (from aeleron, 
hard) is composed of dense, white fibrous tissue, and gives to the 
eyeball its firmness of figure and its white color ; in front, it con- 
stitutes the part commonly called " the white of the eye." 

56. The Choroid is the second or middle coat of the eyeball, 
and lies closely attached to the inner surface of the sclerotic 
Unlike the latter coat, its structure is soft and tender, it is dark 
in color, and possesses a great abundance of blood-vessela. 
dark color is due to a layer of dark brown or chocolate-colored 

'fie//s epread out uver its inner auTiai^u. TU\a AmVl k^er serves 
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to absorb the mys of light rfter they hnve tntvureed the tmue- 
parent structures in front of it ; if the rays were tetiected from 
side to side within the eye, inatead of bt'ing thua absorbed, ton- 
fused vision would result from the multitude of images whiuh 
woidd 1>o impressed upon the optic nerve. 

57. The Iris. — Continuous with the choroid, in the front 
part of the globe of the eye, is a thin, circular curtain, which 
occasions the brown, blue, or gray color of the eye in difFt-rent 
individuals. On account of the varieties of its color, this mem- 
brane has received the name Iris, which ia the Ore-ek word for 
" rainbow" (See Fig. 37, 1). A front view of it is shown in 
Fig. 36. The iris is pierced in its centre by a round opening, 
called the j«yji7 (P), which ia constantly varying in size. In 
olden times it was spoken of iia the "apple of the eye." The 
hinder surface of the iris Las a layer of iliirk coloring matter 
resembling that of the choroid. The iris is a muscular oi^n, 
and contains two distinct sets of fibres ; one of which is circnlsr, 
white the other railiates outward from the piipiL Tlie action 
of these sets of fibres regulates the size of the pupil ; for when 
the circular set acts, the pupil contracts, and when the other 
set acts, the opening expands. Their action is iuvolnntaiy, and 
depends on the reflex system of nerves, wliich causes the con- 
traction of the pupil when a strong Hght falls upon the eye, 
and its expansion when the illumination is feeble. 

58. The iris, accordingly, serves a very useful purpose in regu- 
lating the admission of hght to the eye. It, however, does not 
act instantaneously ; and hence, when we pass quickly from a 
dark room into the bright sunlight, the vision is at first con- 
fused by the glare of light, but as soon as the pupil contracts, 
the ability to see becomes perfect. On the other baud, when 
we enter a dark apartment, such as a cellar, for a short time we 
can see nothing clearly ; but as soon as the pupil expands and 
admits more hght, we are enabled to distinguish the surround- 
ing objects. Animals of the cat species, and others which prowl 
around after uiyhtfall, ai'c emiblud to vkk. \\\ ftv« i'j.tW'i'to.'^'-v^t 
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ria very dilatable. The size nf the pupil oSects the lustre 
I . of the eye. When it is lar^, as it osuaily is during youth, the 
eye appears dear and brilliant ; while in old age the pupil is 
small and the eye is duli 

59. The Retina constitutes the third and inner coat of the 
globe of the eye. Tliis, the important part of the eye that ia 
sensitive to light, is a kind of nervous membrane, formed by 
the expansion of the optic nerve. Its texture is soft, smooth, 
and very thin ; it is translucent and of a gmyish-wliite color. 
It is sensitive to light alone ; and if any form of mechanical 
irritation be applied to it, the sensations of touch nnd pain are 
not experienced, but flashes of fiie, sparks, and other luminous 
apiKjarances are perceived. Too intense light occasions a feel- 
ing of pain, but it ia of a peculiar kind, and is termed "daz- 
aling," 

60. Impressions made upon the retina are not at once lost, 
but remain a measurable length of time, and then gradually fa<le 
away. Thus, a bright light or color, gazed at intently, can- 
not be immediately dismissed from sight by closing or turning 
away the eyes. A stick lighteil at one end, if whirled around 
rapidly in the dark, presents the appearance of an unbroken 
luminous ring ; and the spokes of a rapidly revolving carriage- 
wheel seem to be merged into a plane sur&ce. If an ot^ect 
move too rapidly to produce tliis sort of lasting impression, it is 

■ iaviaible, as in the case of a connon-boU passing tluough the air 
in front of us. 
61. If a card, painted with two primary colors — as red and 
yellow — be made to rotate swiftly, the eye perceives neither of 
them distinctly ; but the card appears painted with their second- 
ary color — orange. The average duration of retinal Jiuagea is 
I estimated at one-eighth of a second; and it is because they 
thus endure, that the net of winking, wliich takes place so fre- 
quently, but so quickly, is not noticed and does not intermpt 
the vision. The retina in e isily fatigued or deprived of its 
sensibiJItj', After looking Mliiiii\{a!il\^ lAaVm^lit light, or at a 
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white obJHct on a black groiiml, a dark apot, correapondiDg in 
shape to the bright object, pnjmjuts itself in wliatever diivcUoii 
we look. This spot passes away as tlie retiiia rusutues its 
activity. In some porsoQH the retina is incapable of diatinf^itisli- 
ing different colnra, when they are auiil to Iw affected with " colot- 
blindness." Tims, i«<l and green luay appear alike, anil theu a 
cherry-tree, full of ripo frtiit, will seem of the same color in 
every part. Eailroad accidents have occiirn^l Ijucaiiae the 
engineer of the train, who was color-bliud, has uiiataken the 
ciJor nf a siyiial, 

62. The Crystalline Lens.— Across the front of the eye, 
just behind the iris, is sitnatiHl the Crt/dnllim' lew, eitcloitod 
within its own uapaule. It is supported iu its place partly by a 
delicate cireiUar ligament, and partly hy the pressure of ailjaecnt 
structures. It is colorless and perfectly transparent, and lias a 
firm but elastic texture. In shape it is double-convex, and 
may be rudely eoinjureil to ii smidl lemon-drop. It is only one- 
fourth of an inch thick. 

63. Wlien this little body becomes opaque, and no longnr 
affords free posso^re to the rays of light, as often happens with 
the advance of age, an affection termed " cataract " is ]>roducc<l. 
Between the crystalline lens and the cornea is a small »\<aci) 
which contains the aqmows humor (See Fig. 37, A), This 
humor consists of five or six drops of a clear, colorless liquid 
very much like water, as its name implies. That part of the 
^lobe of tlie eye lying behind the lens is occupied by the vilreoitg 
humor, so calleil from its fancied resemblance to melted glass 
(Fig. 37, V). Tliis humor is a transparent, jelly-like mass, 
enclosed within on exceedingly thin membrane, and constitutes 
fully two-thirda of the bulk of the eyeball. 

64. The UseB of the CpyetBllme Lens.— A convex lens 
has the property of converging the rays of light which jmss 
through it ; and the point at which it causes them to meet is 
termed its focus. If a lens of this tiescription, such as a magnify- 
iufj or bur-iiu^'-^'JasH, be held iu ito\\\. ol 'iw wytw •w'yw^.' s-n ,"\«. 
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BUch a. poeition as to allow its focua to fall upon a piece of 
paper, it will be found to depiut upon the paper a miniature 
icene outside of tlie window, It will be further 
noticed that Ike ima^e is inverted, or upside down, and that 
the paper at the place upon which the image ia thrown is mucli 
brighter than any other part. All the trunaparent structures of 
the eye, Imt I'^itti'ially the crystaUine lens, ojierate U])on the 




retina, as the ciiuvex lens acts upon the paper; that is, they 
paint upon the retina a bright inverted miniature of the objecte 
that appear in front of the eye (Fig. 38). 

65- The form and structure of the crystalline lens endow it 
with a remarkable degree of retractive power, and enable it to 
converge all the rays of light that enter it through the pupil, to 
a fociiB exactly at the surface of the retina, \\Tien this lens is 
removed from the eye, aa is frequently done for the cure of 
cataract, it is found that the rays of light then have their focus 
three-eighths of an inch behind the retina ; that the image ia 
four times larger than in the healthy eye, that it is less brilliant, 
and that its outline is very indistinct. From this we learn that 
one of the uses of the crystalline lens ia to make the retinal 
imago bright and sliarply defined, at the same time that it 
reduces ita siza Indeed, the small size nt the image is a gre«t 
advantage, as it enables the limited surface of the retina to re- 
i, at a glance, impressions from a iMi\\B\v\fcTa,lA« field of vision. 
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Ab the image upon the retina is inverted, how doc 
[wrceive the object in its true, erect position 1 Man 
ions have been advanced, but the aimpleat and 
ctory appears to be found in the fatt that tho nitiu 
no difference, so to speak, between tlie right and 1 
)pcr and lower positions of objects. ConBei|iiuntly 
edge uf the relativo location of external objects mu 
c<t from some ottier source than the retina. The pro 
of this knowledge is the habitual ciiiijarison of 
i6 with the jwsition of our own bmliea: thus, to ». 
ted object, we know we must raise the head an>l 
see one at our ri^lit hanil, we must tnrn the liuju 
r. the right. 

Long-sight op Hyperopia, and Short-sight op My 

ye is not in all uises jn'ifLctly fui'ijiiuL Foe fxaiiipli 

lens may be too thick ' or too thin. In eith.T of 
tions sight wilt be more or less defective from the 

N, The Nutural Bjc, M, TI.8 Slicirt-stKlHsil Ey. 
H, T)ie Luiig-slgl.t»l Eye. ti, Fsnllcl Rnya m>iii lli. »oa 

16 defect will not tend to disappear as life advances, 
common imperfection, however, is in the sluipe n 
; which may be short (Fig. 39, H), aa conjpored wit 
al eye, N", or it may be too long, M. 

^Vhen tho globe ia short, objects can only be cl 
hat are at a distance, and the conilition of tho via 
n as "long-sight," or liyjreTtipitt, ll Vi\\\ >» iJtwjeT^ 
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reference to Fij;. 39, tJiat the focus of the rays of light would 
fail bcliiiiJ the retuia of this eye. When the globe is too long, 
objects can only be clearly seen that are very neat to Uie eje; 
and the condition resulting from this defect ia termed " short- 
sight," or myopia. The focus of the rays of light is, in this 
ease, formed in the interior of thp eye in front of the retina. 




Tbe right half 



69. The Function of Accommodation. — If, after looking 

through an opera-^losR at a very distant object, it is desired to 
view another nearer at hand, it will )je found impossible to ob- 
tain a clear vision of the second object unless the adjnetnient of 
the instrument is altered ; which is effected by meana of the 
screw. If an object, like the end of a pencil, be )ield near the 
eye, in a line with another object at the other side of the rooni, 
ur out of the window, and the eye be iixed first upon one and 
then upon the other, it will be found that when the pencil is 
clearly seen, the further object is indistinct; and when the 
latter is Hcen clearly, the pencil appears indistinct ; and that it 
is impossible to see both clearly at the same time. Acconlingly, 
the eye must have the capacity of adjusting itself to distances, 
which ia in some manner comiarable to the oction of the screw 
of the opera^lass. 

70- This, which liaa been cidlc.d tU« finictitm of accommoda- 
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tiou, ia one of tliG most adnnriLble of all the powure of the eye, 
and is exercised by the crystalline lens. It consists eBsentially 
in a change in the curvature of liie front anrfat'e of the lens, 
partly through ita own elasticity, and iMirtly through the action 
of the ciliary muscle. When the eye ia ot runt, that is, when 
accommodated fur a distant object, the Ic-ns is flatti^r and its 
curvatiire dimiiiished (see Fig. 40); but when strongly accom- 
modated for near vision the lens becomea thicker, its curvature 
increases, and the image on the retina is made more sharp and 
distinct. Since a strung light is not required in viewing near 
objects, the pupil contracts, as is shown in the left-hand half of 
the diagniiu. 

71- Old-sight, or Presbyopia-^But tliis marvellously beau- 
tiful mechanism liecomcs wuni with use; or, more strictly 
speaking, the lens, like otlmr structures of the body, becomea 
harder with the approach of old age. The material composing 
the lens becomes less clastic, the power to increase its curvature 
is gradually lost, and, as a consequence, the person is obliged to 
hold the book further away when reading, and to seek a stronger 
light. In a word, the function of accommodation begins to fail, 
and is about the first evidence that marks the decline of life. 
By looking at the last preceding diagram, and remembering tliat 
the increaseil curvature of the lens cannot take place, it will be 
at once understood why old-sight ia benefited in near vision by 
the convex lens, such aa the spectacles of old people contain. 
It acts as a substituto for the deficiency of the crystalline 
lens. 

72. The Sense of Hearing. — Sound. — Hearing is the special 
sense by means of which we are made acquainted ivith sou.nil. 
What is sound ! It is an impression made upon the organs of 
hiring, by the vibrations of elastic bodies. Thia impression is 
commonly propagated by means of the air, which is thrown into 
delicate undulations, in all directions from the vibrating sub- 
stance. When.a stone is thrown into smooth water, a wave of 
circular foi-ni is wt in riiotLoii, fn-m t\\i', yuml viVwia ^^ fSjavv^ 
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struck, whicli consttintly iucreoscR in size anil dimlni^ieB in 
force, as it advances. 

73. Somewhat resembling this, is the undulation, or sound- 
wave, which is imparted by a sonorous vibration to the sur- 
Toundiug atmosphere. The rate of motion of this spherical 
wave of air is about 1050 feet per second, or one mile in five 
aecoads. In water, sound travels four times as fast as in air, 
and still move rapidly through solid Indies ; along an iron rod, 
its velocity is equal to two miles per second. 

74. The earth, likewise, is a good conductor of sound. It 
is sai<l that the Indian of our western prairies can, by listen- 
ing at tJie surface of the ground, heat the advance of a troop of 
cavalry, while they are atill out of sight, and can even discrimi- 
nate between their tread and that of a henl of bufialoes. Solid 
substances also convey sounds with greater power than air. If 
the ear be pressed against one end of a long beam, the acmtch- 
ing of a pin at the other extremity may he distinctly heard, 
which will not be at all audible when the ear is removed from 
the beam. Although air is not the best medium for conveying 
sound, it is necessary for its prwiuction, Sound cannot be pro- 
duced in a vacuum, as is shown by ringing a bell in the ex- 
hausted receiver of an air-pump, lor it ia then entirely inaudihla 
But let the air be readndtted gradually, then the tones I)ecomo 
more and more distinct, and when the receiver is again full of 
air, they will be as clear as uauaL 

75. All sonorous bodies do not vibrate with the same degree 
of rapidity, and upon this fact depends the pfteh of the sounds 
that they respectively produce. The more freqnont the number 
of vibrations within a given time, tlie higher will be the pitch ; 
and the fewer their number, the lower or graver will it be. 
Now, the rate of the successive vibintiona of different notes 
has been measui'ei], and it has thus been found that if they are 
less than sixteen in a second, no sound is audible ; while if ihey 
exceed 60,000 per second the sound is very fainV and is painful 

the ear. Tiie extreme limit of Uw eavsw.tty iiE the human 



A 



THE SPECIAL 8BNSE.S. 



r may l>e eonsiiiurcil as in:;linli.'il betwoon tlii.'so ]xiints ; hut 
the suuiids which we ordinarily hear un: ombmw-d IvtwL-un 100 
and 3,000 vibrationa per second. 

76. The eur, which \a the proper organ of hearing, is the 
moat wnn plicated of all the structureB that are employed in the 
reueption of exteniiil impressions. Tlic parts of which it is 
composed are niimeroiia, anil some of them are extremely small 
and delicate. Nearly all these parts are located in an irregularly 
shaped cayity hollowed out in the temporal, or " temple," bone 
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of eacli side of the head. Tiiat part of the bone in which the 
auditory cavity is placed has the densest structure of all bones 
of the boily, and has therefore been called the " petrous," or 
rocky part of the temporal bone. In studying the ear, it ia 
necessary to conaidi.ir it as divided into three portions, whicli 
are called, from their relative positions, the external ear, the 
middle ear, and the internal ear. (In the diagram, Fig. 41, A, 
the first is not shaded, the second is lightly shaded, and the last 
has a dark buckj^round.) 
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77. The External Ear. — The external jiortion of the organ * 
of hearing, deKignateil in Fig. 41, A, includes, Hrat, that out*r 
part (u), which is commonly spoken of as " tlie ear," but which 
in fact is only the portal of that organ; and, secondly, tho 
aiuliloj'y eanal (6). The former consists of a fiat flexible piece 

if cartilage, projectinfj slightly from the aide of the head, 
.ttauhed to it by ligaments, and supplied with a few weak 
muaclea. Its surface is uneven, and curionsly curved, and 
from its resemblance to a shell, it haa been called the etiaehiu 
It probably serves to collect sounds, and to give them an inward 
direction ; although its removal is said not to impair the acute- 
nea3 (jf heating more than a few days. 

78. The attditory canal Fig. 41, A, b), which is continuous 
with the outer opening of the ear, is a passage, an inch and a 
quarter in length, its inner extremity being bounded by a closely- 
fitting, circular membrane. This canal is of ovaj form, ia 
directed forward and inward, and is slightly curved ; so that 
the inner end is ordinarily concealeil from view. Tho pouch of 
the skin which lines this passage is smooth and thin, especiaUy 
at the lower end, where it covers the membrane just men- 
tioned. 

79. As in the case of the nostrils, a number of small, stiff 
hairs garnish the mai^in of the auditory canal, and guard it, to 
some extent, against the entrance of insects and other foreign 
objects. The skin, too, covering its outer half, is furnished 
with a belt of little glands which secrete a yellow, bitter sub- 
stance, called " ear-wax," which is especially obnoxious to small 
insects. As the outer layer of this wax-like material loses its 
useful properties, it becomes dry, and falls out of tho ear in the 
form of minute, thin scales, a fresh supply being furnished 
from the little glands lieneath. In its form, the auditory canal 
re^mbles the tube of an ear-trumpet, and serves to convey the 
waves of sound to tlie middle |iortinn of the ear. 

80. The Middle Ear, op Tympanum. —The middle ear is 
* sniull Ciivsty, or chamber, of iitegvvlM a'to^, -i\)(iMt one-fourth 
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M an inch across from eide to si'io, anil half nn iiu'li long (aeo 
Fig, 41, A, d). From the peculiar arrangement of its various 
parts it has very properly been called the tyinpfiHinn, or the 
"drum of the ear." The middle ear, like the external canal, 
contains air. 

81. The circular membrane, already mentioned as closing the 
auditory canal, is the partition which separates the middle from 
the external ear, and is called the inemlrrana tipnpani (c), and 
may be considereii as the outer head of the drum of the ear. It 
is Bometimos itself spoken of as the " drum," but this ia incor- 
rect ; eince u drum is not a membrane, but is the hollow space 
across which the niembrane is stretched. This membranous 
drum-head is very tonae and eliiatie, and so thin aa to be almost 
transparent ; its margin is fastened into a circular groove in the 
adjacent bone. Each wave of sound that touches this delicate 
membrane causes it to vibrate, and it, in turn, excites move- 
ments in the parts beyond. 

82. Within the tympanum is arranged a chain of remarkable 
" little bones," or oenlckg. They are chiefly three in number, 
and from their peculiar shapes bear the following names : ■nu.d- 
leicK, or the mallet ; inc-us, or the anvil ; and etap^, or tho 
stirrup. A fourth, the smallest bone in the body, in early life 
intcrvenos between the incus and stapes, but at a later period 
it beeeines a part of the incus. It is called the orlneuJar bone. 
Small aa are these ossicles — and they, together, weigh only a 
few grains — they have their little muscles, cartilages, and blood- 
vessels, as perfectly arranged as the larger bones of the body. 
One end of the chain of ossicles, the mallet, is attached to the 
membrane of the tympanum, or outer drum-head, while the 
other end, the stirrup, is firmly joined by its foot-piece to a 
membrane in the opposite side of the cavity. The chain, 
accordingly, hangg suspended across the drum between the two 
membranes ; and when the outer one vibrates under the influ- 
ence of the Bound-wave, the chain swings inward and transmits 
the vibnitioii to the entrance of Vho. muei ew, 
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83. The musical instrument, the drum, is not complete J 
air witliin be perfectly confined ; we therefore find in all instru- 
menta of this kind a small opening in the side, through which 
air may pass freely. The tympanum, or drum of the ear, in like 
manner Uaa an opening by means of which it communicates 
freely with the external air. This opening ia a narrow canal, 
about an inch and a half long, called the Eugtachian tube, after 
the name of its discoverer, Eustachius. 

84. Th I )urse of this passage is indicated in Fig. i2, 1, 




directed downward and inward : its other extremity opens into 
the upper part of the throat. The pass^e itself is ordinarily 
closed, but whenever the act of swallowing or gaping takes 
place, the orifice in the throat is stretched open, and tlie air of 
tbe ca yity of the tympanum umj l\iea \ie ti 
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b5- Thn Kuatachian tube serves, alsi), as an esi?a|.ie-)iipt< for Hv. 
fluids wliich form within tlio luiddlo ear; and linnu?, when its 
lining memhrane becomea llilckoneil, in tunsetiiionco of a cold, 
or Bore throat, and the paxsaf^o is thus more or less choked up, 
the flui<iH are unable to eaca|ic as usual, and therefure accumu- 
late within the ear. ^Iton this takes place, the vJbnitionB of 
the membrane are interfered with; tiio soimila heard apjicar 
muffled and indistinct ; and a temporary difficulty of hearing', 
which ia known aa " tliroat^leafneaa," is the result. This result 
resembles the effect produced by interrupting the vibrations of 
a Bonoroua body, such as all are familiar with ; if the finger bi- 
placed upon a piano-Btring or !>ell when it is struck, the proper 
sound is no longer fidly and clearly emitted. Hut the primary 
use of tliia tube is to afford a free communication between the 
middle ear and the external atmosphere, and thus secure an 
equal pressure upon both sides of the membrane of the drum 
of the ear, however the density of the atmosphere may vary. 
If from undue tension of the membranes, pain is experienced 
in the ears, when ascending into a rare atmosphere, as in a bal- 
loon, or descending into a dense one, as in a diving-bell, it 
may be relieved by repeating the act of swallowing, from time 
to time, in order tliat the inner and outer pressure may thus 
be promptly equalized. 

86. The Internal Ear, op Labyrinth.— The most essential 
part of the oi^an of hearing ia the distribution of the auditor;/ 
Tierve. This is found within the cavity of the internal ear, 
wliich, from its exceedingly winding shape, has been termed 
the lalnp-inth (aee Fig. 42, C). This cavity is hollowed out in 
dense bone, and consists of three parts ; the vettibtiie (u), or 
ante-cbamber, which is connected with the other two ; the 
eoddea (6), or snail's shell ; and the three gemidrcular eanaU (c), 
The manner in which tte nerve of hearing is distributed is 
remarkable, and is peculiar to this nerve. In the vestibule and 
the canals its fibres are spread out over the inner surface, not of 
the bony cavity but of a membranowa Via^, v;\i\(i)a wst&.OTroi'yi 



164 THE SPECIAL SENSES. 

and partially fills that cavity; and which floats in it, being 
}x>th filled and surrounded with a clear, limpid fluid. 

87. A singular addition to the mechanism of hearing is ob- 
served within this membranous bag of the labyrinth. This 
consists of two small oval ear-stones, and a quantity of fine 
]K>wder of a calcareous nature, which is called "ear-sand." 
When examined under the microscope, these sandy particles 
are seen to lie scattered upon and among the delicate filaments 
of the auditory nerve ; and it is probable, that, as the tremulous 
sound-wave traverses the fluid of the vestibule, the sand rises 
and falls upon the nerve filaments, and thus intensifies the 
sonorous impression. 

88. In the cocldea, or snail's shell, which contains the fluid, 
but no membrane, the nerve branches upon a spiral shelf. As 
many as three thousand nerve fibres of different lengths have 
been counted therein ; which, it has been thought, form the 
grand, yet minutely small key-board, upon which strike all the 
musical tones that are destined to be conveyed to the brain. 
The vestibule, it is also supposed, takes notice of noise as dis- 
tinguished from musical sounds ; while the office of the semi- 
circular canals is, in part at least, to prevent internal echoes, or 
reverberations. 

89. The vestibule communicates with the chain of bones of 
the middle ear by means of a small opening, called the " oval 
window," or fenestra ovalis. Across this window is stretched 
tlie membrane, which has already been alluded to as being 
joined to the stirrup-bone of the middle ear. Through this 
window, then, the sound-wave, which travei'ses the external and 
middle ear, arrives at last at the labyrintL The liippid fluid 
which the latter contains, and which bathes the terminal fibres 
of the nerve of hearing, is thus agitated, the nerve-fibres are 
excited, and a sonorous impression is conducted to the brain, or, 
as we say, a sound is heard. 

90. Protection of the Sense of Hearing. — From what has 
hoen seen of the complicated parts whicli compose the organ of 
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hearing, it is evident that wliile many of tlicm possess an 
exquisite delicacy of structure, Nature has well and amply pro- 
vided for their protection. We have observed tlie concealed 
situation of the most important parts of the mechanism of tlie 
ear, the length of its cavity, its partitions, the hardness of its 
walls, and its communication with tlie atmosphere ; all these 
provisions rendering unnecessary any supervision or care on our 
part in reference to the interior of the ear. But in respect to 
its external parts, which are under our control and within the 
reach of harm, it is otherwise. We may both observe the 
dangers which threaten them, and learn the means necessary to 
protect them. 

91. One source of danger to the hearing consists in lowering 
the temperature of the ear, especially by the introduction of 
cold water into the auditory canal. Every one is familiar with 
the unpleasant sensation of distension and the confusion of 
sounds which accompany the filling of the ear with water when 
bathing : the weight of the water within it really distends the 
membrane, and the cold chills the adjacent sensitive parts. It 
is not surprising, therefore, that the frequent introduction of 
cold water and its continued presence in the ear enfeeble the 
sense of hearing. Care should be taken to remove water from 
the ear after bathing, by holding the head on one side, and, at 
the same time, slightly expanding the outer orifice, so that the 
fluid may run out. For a like reason, the hair about the ears 
should not be allowed to remain wet, but should be thoroughly 
dried as soon as possible. 

92. Caution. — It may be stated as a general rule, to which there 
are but few exceptions, that no cold liquid should ever be allowed 
to enter the ear. When a wash or injection is rendered neces- 
sary, it should always be warmed before use. The introduction 
of cold air is likewise hurtful, especially when it pours through 
a crevice directly into the ear, as it may often do through the 
broken or partially closed window of a car. The avoidance of 
this evil gives rise to another almost as ^a\»\ t^jkov^^'^^Vc^- 
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trcKiiiction of cotton or other soft substances into the ear to 
prevent it from " catching cold." This kind of protection tends 
to make the part unnaturally susceptible to changes of tempera- 
ture, and its security seems to demand the continued presence 
of the " warm " covering. As a consequence of its presence, 
sounds are not naturally conveyed, and the sensitiveness of the 
nerve of hearing is gradually impaired. 

93. The chief source of injury, however, to the ear is from 
the introduction of solid substances into the auditory canal, 
with the design of removing insects or other foreign objects 
that have found their way into the ear ; or with the design of 
scraping out the ear-wax. For displacing a foreign object, it is 
usually sufficient to syringe the ear gently with warm water, 
the head being so held that the fluid easily escapes. If a live 
insect has gained entrance to the ear, it may first be suffocated 
by pouring a little oil upon it, and afterward removed by 
syringeing the ear as just mentioned. 

94. The removal of ear-wax is generally unnecessary ; for, as 
we have before seen. Nature provides that the excess of it shall 
become dry, and then spontaneously fall out in the form of fine 
scales. The danger from the introduction of solid implements 
into the outer ear is chiefly found in the fact that the mem- 
brane which lies at the bottom of it is very fragile, and that 
any injury of it is liable to be permanent, and to impair per- 
manently the hearing of the injured ear. 
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QUESTIONS FOR TOPICAL REVIE'W. 

L Whrnt do yon onderetand byHmutlons? 

S. Btate whit li nld of Oieir Tirtety 

S. WlHiH«m«ctb7ganer«l»m»1blllty!. 

4. Dlicuju th« KOBAtlOD <jf pain . .. ,^. ..,..,„.-...., .... 

5. Of wli»t heiltbfnl Ijnportiiice ii jBln! 

0. Whit Is meant by (ped&l KUHtloD, and whit other nuoei hu It accordiiiB 

7m Vhit !■ BiJd of the orgus of touch ?. . , . ..,,.,,....... 

8. Whitia the apeclil iiiiportinue of touch? 

0. StiU what you knowofOiodollcBoroftonth 

10. To what do the eeiiutloiM ofteinpiiBtnreMid w«l|thtrafer?. 

15. Olvta general ciplinitinn ofthaKnae 

19. Wbat I«lMloo do(« laite bear la other WhS^ 

14. What la the peculiarity of taste?.,. 

16. Explain how we raio smell , 

ja. Show the fnnctioinjttbBoiacton-nerve 

IT. Why lithe aenie of imeUiuluipijrtant to health? 

15. Repeat what you knowof the tende<ir light 

19. How doet ti«^t iflbct the opUu uetve 

SO. What iaaaidotthoeysandita'uaeB 

SL What <nllte do Oio orbits hold? 

ea. BeatrlLe Uia oyelidB 

23. IlluatnLteiSvertlcaliecthiaofthseyeBhowlDgthe ooata 

54. OFwbitiiKantliateUB?. .... 

55. How are Che learaseereted, and what happena when tb«y appou- on the eyeti 

ae. Slate what j-oiikuDW of the eyoUUl 

7!, Deacribethe cornea 

IS. or what Importancs la the choroid coat T 

SU. Whit Is (lid of the Iris and Its porpciaD Ul 

SO. What ie the nitore -i^C Uientlni, sad <thsC purpota doea itaerref 151 

81. lIliutiatatlieuseoftliecTyetalllDblena .•. US 

3S. Whit vropertloB lias the tem? - US 

JS. Whit do ynii undsnUndby hypen^lal. lU 

84. What ia infant liy luyopiil. 1S5 

S». Eiphiin theloasufslghtinohlage. 

ST. Whit Is sound, and how don hear? 

89. What srGtliepart'4 wnccrnM lu hearing? 

89. Dtsi-ribe ths est^nutl i*r 

40. What la the nfflis of tlii^ auditory auml 

41. Biplain the UHwlianlam of the tjinrunum 

4!. Wluit purpoae doea the Suitach Ian tube serre? 

43. To what la "throat deafness due? 

44. EipUlQ the ccDBtniclioDDt the labyrinth 



CHAPTER X. 

The Voice. 

Voice and Speech — The Larynx, or the Organ of the Voice — 
The Vocal Cords — The Laryngoscope — The Production 
of the Voice — The Use of the Tongue — ^The different 
Varieties of Voice — The Change of Voice — Its Compass 
— Purity of Tone — Ventriloquy. 

i. Voice and Speech. — In common with the majority of the 
nobler animals, man possesses the power of uttering sounds, 
which are employed as a means of commimication and expres- 
sion. In man, these sounds constitute the voice; in the 
animals, they are designated as the cry. The song of the bird 
is a modification of its cry, which is rendered possible from the 
fact that its respiratory function is remarkably active. The 
sounds of the animals are generally, but not always, produced 
by means of their breathing organs. Among the insects, they 
are sometimes produced by the extremely rapid vibrations of 
the wings in the act of flight, as in the case of the mosquito ; 
or they are produced by the rubbing together of hard portions 
of the external covering of the body, as in the cricket. 

2. But man alone possesses the faculty of speech, or the 
power to use articulate sounds in the expression of ideas, and 
in the communication of mind with mind. Speech is thus an 
evidence of the superior endowment of man, and involves the 
culture of the intellect. An idiot, while he may have complete 
vocal organs and full power of uttering sounds or cries, is 
^Dtirely incapable oi speech ; and, as a xvxife, Vk'a exa^^XL^ ^1 
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liie language of any [>eopk will 1m; fouml to Ik proportional to 
tlieir developmoiit of limm. Man, however, is not tUu only 
being that Ima the jwwtT to form artioulate simnds, for the 
patrot and the raven iiuty al«o be laught ti> apeak by rote ; hut 
man alone attaches nieaoing to the words and plmises he em- 
ploys. 

3. Relation of Speech to Hearing. — .Speech is intimately 
relatud to the bbubo of hearing. A child bom deaf is, of noces- 
sity, diinih alao ; not heuuusH the (irg-.uia of speech are imper- 
fect, for he can iittur cries and may he taught to speak, and 
even to converse in a tude and harsh kind of language ; hut 
because he can form no accurate notion of sound. And a per- 
son, whose hearing ia not delicate, or as it is comnioujy ex- 
pressed, who " has no ear for music," cannot sing correctly. A 
person who has inijiaired hearing commonly talks Jn an im- 
natiually loud and monotonous voice. Theiie examples show 
the necessary relation of iuteUigence and the sense of hear- 
ing with that form of articulate voice, which is tenucd speech. 

4. The Organ of the Voice, — The essential organ of the 
voice is the LaryiiK. This liiis l>eeu jireviously alluded to in 
its relation to the function of respiration ; and, in the cliapter 
on that subject, are figured the front view of that organ (Fig. 
25), and its connection with the trachea, tongue, and other 
neighboring parts (Fig. 28). It is situated at the upper part of 
the neck, at the top of the trachea, or tube by which air posses 
into and out of the lungs. The framework of the laryux is 
composed of four cartilages, which render it at once very strong 
and sufBciently flexible to enable it to move according to the 
requirements of the voice. 

5. The names of the cartilages are (1) the thyroid, which is a 
broad thin plate, bent in the middle an'l placed in the central 
line of the front part of the neck, where it is known as the 
pomiem Ailami, or Adam's apple (Fig. 43, E), and where it 
may he felt moving up and down with each act of swallowinij.v 
(3> the miwW, irliich is &ha.\KA \v\iis ;v SMoi yiw^, -wx^ S^^Nkss^ 
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part i)]iu:ed posteriorly (Fig. 43, E), At 
the top of the cricoid cartilage are 
sitoatwl the two small iiryfujunii carti- 
lages, the light one of which ia ahown 
in Fig. 43, C. These ktter little or^aas 
are much more movable than the other 
two, and are very important in the pro- 
duction of the voice. They have a 
true ball and socket joint, and aeveral 
email muscles which contToct am] relax 
with as perfect regularity and accuracy 
as any of the larger muacles of the body. 

6. The interior of the larynx is lined 
with a very sensitive mucous membrane, 
which is much more closely adherent to 
the parts beneath than is usually the 
cose with membranes of this description. 
The epiglottis (A), consisting of a single 
leaf-shaped piece of cartilage, is attached 
to the front part of the larynx. It is 
elastic, easily moved, and fits accurately 
over the entrance to the air-passages 
below it. Its office is to guard these 
delicate passages and the lungs against 
the intrusion of food and other foreign 
articles, when the act of swallowing takes place. It also assists 
in modifying the voice. 

7. The Vocal Cords. — Within the larynx, and stretched 
across it, from the thyroid cartilage in front to the arytenoid 
cartilages behind, are placed the two sets of folds, called the 
vocal cords. The upper of these, one on each Side, are the 
false cords, which are comparatively fixed and inflexible. These 
are not at aU essential to the formation of vocal sounds, for they 
have been injured, in those lower aniniaJs whose larynx r»- 

mblos that of Jiiaii, without uiatBriallj aftoctrn'^ \.W\i vXtbifto 




E, Cricoid carUUgB. 
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cords (F^ 43, F). Tliey are composed of a higlily einstie, 
thoTiyli strong tiaaue, nnd are toverej with a Uiin, tightly-fitting 
layer of mucous membrauu. Their odgea are smooth and aharply- 
detined, and when they meet, tis tliey do in the formation of 
Hounds, th«y exactly match each other. 

8. If one or both of these cords are injured or become din- 
eased, voice and speech are weakened ; or when the mucous 
membrane covering them becomes thickened, in consequence of 
a cold, the vocal sounds are rendered husky and indistinct. 
When an opening is made in the throat below the cords, as not 
infrequently happens in consequence of an attempt to commit 
suicide, voice is impoBsible esuept when the opening is closed 
by external pressure. 



I 




9. The interval or sjace between the true cords of the voice 
ia constantly varying, not only when their vocal function is in 
exercise, but also during the act of respiration. Every time 
the lungs are inflated, the space increases to make wide the 
entrance for the air ; and diminishes shghtly during expiration. 
So that these little cords move gently to and fro in rhythm 
with the expansion and contraction of the chest in breathing. 
These movements and others may be seen to take place, if a 
small mirror attached to a long handle be placeil hack into the 
upperjxiit -f the throat; the \iaudU ntiM ftvft aYmirt ^s.^c*.\*. 
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I lient at an angle of 45", bo that we may look "around tlie 
^ coruer," no t<j lijieak, beiiind the tongue. The position which 
mirror must asBuuie will be untterstootl by reference to Fig. 
A view of what may be seen under favorable circuni- 
j stances, during tranquil inspiration is represented in Fig. 41. 

The vouol cords are there c^hown as narrow, white bands, on 
I eaeh side of the central opening, and since the image is inverteil, 
I the epiglottis appears uppermost. The rings partly seen through 

the opening belong to the trachea. This little mirror is the 
, essential part of an instrument, which is called the laryngoscope, 
I and, simple us it may seem, it is accounted one of the most 

-valuable of the recently invented appliances of the medical 

ABC 

#|) 

10. The Production of the Voioe. — Dining ordinary tran- 
quil breathing no sound is proiliiced in the larjTix, true vocal 
tones being formed only during forcible expiration, when, by on 
effort of the will, the cords are brought close together, and are 
stretched so as to be very tense. The apace between them m 
then reduced to a narrow slit, at times not more than -j Jj of an 
I inch in width ; and the coliuun of expired air being forced 
f through it causes the cords to vibrate rapidly, like the strings 
[ of a musical instrument. Thus the voice is produced in its 
I many varieties of tone and pitch; its intensity, or londneeo, 
(depending chiefly upon the power exerted in expelling the nr 
Erom tiie lungs. When the note ia high, the space is dimin- 
sAei/ both in Jength and widt\i *, luiV *'\vtii \\. \ft Vu-w , the apace 
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is wilier and longer {Tig. 45, B, C), and tliQ number of vibra- 
tions is fewer within the same period of time. 

11. The personal quality of the voiue, or that which enables 
us to recogniee a person hy his apeeuh, is mainly duo to tlie 
peculiar shape of the throat, nose, and mouth, and the resonance 
of the air contained within those cavitiea. Tlie walls of thii 
chest and the tiachea take part in the resonance of the voice, 
the air within them vibrating at the same time with the parte 
above them. This may be tested by touching the throat or 
breast-bone, when a strong vocal effort is made. The teeth and 
the tips also are important, as is shown by the unnatural tones 
emitted by a person who has lost the former, or by one who ia 
affected with the deformity known as " hare-lip." Tlie tongue 
is useful, but not indispensable to speech ; the case of a woman 
is reported, from whom nearly the whole tongue had been torn 
out, but who could, nevertheless, speak distinctly and even 
siag. 

12. The Varieties of voice are said to he four in number; 
two, the liiisa and tenor, belonging to the male sex ; and two, 
the contralto or alto, and soprano, peculiar to the female. The 
baritone voice is the name given to a variety intervening be- 
tween the bass and tenor. In man, the voice is strong and 
deep; in woman, soft and high. In infancy and early youth, 
the voice is the same in both sexes, being of the soprano variety : 
that of boys ia both clear and loud, and being susceptible of 
eonaiderahle training, is highly prized in the choral services of 
the church and cathedral At about fourteen years of age the 
voice is said to change ; that is, it becomes hoarse and unsteady 
by reason of the rapid growth of the larynx. In the case of 
the girl, the change is not very marked, except that the voice 
becomes stronger and has a wider compass ; but in the boy, the 
larynx neai'ly doubles its size in a single year, the vocal cords 
grow thicker, longer, and coarser, and the voice becomes mascu- 

tt character, _ During the progress of this cltangc, the use 
e voice in singing ia injiulicious. 
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13. The ordinary range of each oi the four varieties of tlw 
voice is about two octaves ; btifc this is exceeeded in tlie case of 
Bcveral celebrated vocalists. Madame Parepa Kosa Iiae.a com- 
pass of three full octaves. "When the vocal organs have beea 
subjected to careful training, and are brought under complete 
control of the will, the tension of the cords become exact, 
and their vibrations become exceedingly precise and true. 
Under these circumstances the voice is said to possess "purity" 
of tone, and can be heard at a great distance, and above a multi- 
tude of other sounds. The power of a pure voice to make iteelf 
heard was recently exemplified in a striking manner : at a 
musical festival held in an audience-room of extraordinary size,. 
and amid an orchestra of a thousand instruments and a chorus 
of twelve thousand voices, the artist named above also sang;.' 
yet such was the purity and strength of her voice that its note* 
could be clearly heard rising above the vast whvea of sound 
produced by the fidl accompaniment of chorus and orchestra. 

14. Ventriloquism is a peculiar modification of natural speech, 
which consists in so managing the voice that words and sounds 
appear to issue, not from the person, but from some distant 
place, as from the cMnmey, cellar, or the interior of a, chest 
The ventriloquist not only seems to " throw liis voice," as it is 
said, or simulates the sound as it usually appears at a distance 
^ith but little uiotion of the lips and face, but be imitates the 
voices of an infant and of a feeble old man, of a ilrunken man 
disputing with an cxas]ierated wife, the bi-oken language c£ tt 

' foreigner, the cry of an animal in distress, demonstrating fliaV 
the performer must be proficient in the art of mimicry. Vab-- 
triloquism was knoivn to the ancient Romans and Gredcs; and 
it is thought tliat the mysterious responses that were said to 
issue from the sacred trees and shrines of the oracles at Do- 
dona and Delphi, were really uttered by priests who had the 
power of pimtucing tlua form of epeecL 
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Poisons and tbeir Antidotes.' 

Accidents from poisoning are of such frequent occurrence, that every 
one should be able to administer the more common antidotes, until the 
services of a physician can be chtained. As many jwisons bear a close 
resemblance to articles in common use, no dangerous substance should be 
brought into the household without having the word poison plainly 
written or prixited on the label ; and any package, box, or vial, without a 
label, should be at once destroyed, if the contents are not positively 
known. 

When a healthy person is taken severely and suddeTdy ill soon after 
some substance has been svxdlowed^ we may suspect that he has been 
poisoned. In all cases where poison has been taken into the stomach, it 
should be quickly and thoroughly expelled by some active emetic, which 
can be speedily obtained. This may be accomplished by drinking a tum- 
blerful of warm water, containing either a tablespoonful of powdered 
mustard or of common salt, or two teaspoonfiils of powdered alum in two 
tablespoonfuls of syrup. When vomiting has already taken place, it 
should be maintained by copious draughts of warm water or mucilaginous 
drinks, such as gum-water or flaxseed tea, and tickling the throat with 
the finger until there is reason to believe that all the poisonous substance 
has been driven from the stomach. 



The following list embraces only the more common poisons, together 
with such antidotes as are usually at hand, to be used until the physician 
arrives. 

Aoids* — Hydrochloric add ; muriatic add (spirits of salt) ; nitric 
acid (aqua fortis) ; sulphuric acid (oil of vitriol). 

Antidote. — An antidote should be given at once to neutralize the acid. 
Strong soapsuds is an efficient remedy, and can always be obtained. It 
should be followed by copious draughts of warm water or flaxseed tea. 
Chalk, magnesia, soda or saleratus (with water) or lime-water, are the 
best remedies. When sulphuric acid has "been \A^%\i, -"^^^Xet ^osi^L^^jfe 
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8[»rin(;1j, because, when w&Ier uuit«H with thia aciil, ii 
prodttceit 

Oxalic acid. 

AnJ'IDute. — OxaJic acid resembles Epsom salts in sfipearancG, and may 
easily bo mistaken for it. The uitidates are m^iOHia, oc chalk mixed 
wit!. »v;it«r. 

FruBBid Aoid; nil of bUUr ainuiiuU ; laurel vxtUr; cijnnide ^j«- 
tassinjit (used in electrotyping). 

Aktidote.— Cold douche to tho spine. Chlorine water, or water of 
ammonia lar)^ly diluted, should be given, anil the vapor arislDg from 
them inhaled. 

Alkalies and their Salts.— Ammonia (hartshorn), liquor or 
tcaUr of auiinonia, FoiAssA i — caustic poliwk, strmtg It/e, carbonaU bJ 
potaasa (pearloah), nilTote of potaasa (saltpetre). 

Antidote. — Give the vegetable acids diluted, as weak vinegar, acetic, 
citric, or tartaric acidn dissolved in water. Castor oil, linseed oil, and 
sweet oil may also bo uaed ; they form soaps when mixed with the free 
altalies, which they thus render harmless. The poisonous effectB of salt- 
petre most he counteracted by taking mucilaginous drinks freely, so as to 
prodace vomiting. 

AlOOhoL — Braiidy, vyine; all spirUuoJis liquors. 

Antidote. ^Give as an emetic gronnd mustard or tartar emetic If 
the patient cannot swallow, introduce a stomach pump ; pour cold water 
on the head. 

Oases. — Chlorine, farbonic acid gas, earboaie oxide, fumes of hwming 
charcoal, sulpharetUd hydrogen, UtamiTiating or coal-gas. 

Antidote.— For poisoning by chlorine, inhale, cautiously, ammonia 
(hartshorn). For the other gases, cold water should be poured apon the 
head, and stimulants cautiously administered ; artificial respiration. (See 
Marshall Mali's Seady Method, page ISO.) 

iSs^dB.— Antimony, tartar emetic, wine of ajUimony, etc 

Antidote. — If vomiting has not occurred, it should be produced by 
tickling the throat with the Soger or a feather, and the abundant use of 
warm water. Astringent infusions, such as common tea, oak bark, and 



Antidote. —Produce vomiting at once with a tablespoonfiU or two of 
powdered muatard in a glass of warm wat^r, or with ipecac. The antidote 
is hydrated peroxide of iron. If Fowler's solution has been taken, time- 
■rater moat be given. 
Copper.— Ao^eUe of ctypjier (.veriipiaV ftiapTwrt* oj wpp" Oihifl 
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vitriol), food cooked pn dirty copper vessels, or pickles made green by 
capper. 

Antidote. — Milk or white of eggs, with mucilaginous drinks (flaxseed 
tea, etc. ), should be freely given. 

Iron* — Sulphate of iron (copperas), etc. 

Antidote. — Carbonate of soda in some mucilaginous drink, or in water, 
is an excellent antidote. 

IiOad. — Acetate of lead (sugar of lead), carbonate of lead (white lead), 
water kept in leaden pipes or vessels, food cooked in vessels glazed with 
lead. 

Antidote. — Induce vomiting with ground mustard or common salt in 
warm water. The antidote for soluble prepetrations of lead is Epsom salts ; 
for the insoluble forms, sulphuric acid largely diluted. 

Meroury. — Bichloride of mercury (corrosive sublimate), ammoniated 
mercu)'y (white precipitate), red oodde of mercury (red precipitate), red 
sulphuret of mercury (vermilion). 

Antidote. — The white of eggs, or wheat flour beaten up with water 
and milk, are the best antidotes. 

Silver. — Nitrate of silver (lunar caustic). 

Antidote. — Give a teaspoonful of common salt in a tumbler of water. 
It decomposes the salts of silver and destroys their activity. 

ZinO. — Sulphate of zinc, etc. (white vitriol). 

Antidote. — The vomiting may be relieved by copious draughts 
of warm water. The antidote is carbonate of soda administered in 
water. 

NarOOtiO Poisons. — Opium (laudanum, paregoric, salts of mor- 
phia, Grodfrey's cordial, Dalby's carminative, soothing syrup, cholera 
mixtures), aconite, belladonna, hemlock, stramonium, digitalis, toba/xo, 
hyosciamvs, nux vomica, strychnine. 

Antidote. — Empty the stomach by the most active emetics, as 
mustard, alum, or sulphate of zinc. The i)atient should be kept in 
motion, and cold water dashed on the head and shoulders. Strong coffee 
must be given. The physician will use the stomach pump and electricity. 
In poisoning by nux vomica or strychnine, etc. , chloroform or ether should 
be inhaled to quiet the spasms. 

Irritant Vegetable Poisons. — Croton oU, oil of savine, poke, 

oil of tansy, etc 

Antidote. — If vomiting has taken place, it may be rendered easier by 
copious draughts of warm water. But if symptoms of insensibility have 
come on without vomiting, it ought to be immediately excited by ground 
mustard mixed with warm water, or some othev actwft «rcvft\AR., wA 'aSXfc^^^A 
operation an active purgative should be given. Mto e^^g^^^^^ ^a» w\»k>cv^ 
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the iK)ison as ^lossible, strong coffee or vinegar and water may be given 
>^ith advantage. 

Poisonous Fish. — Omvger eel, musseU, craJbs, etc. 

Antidote. — Evacuate, as soon as possible, the contents of the stomach 
and bowels by emetics (ground mustard mixed with warm water or pow- 
dered alum), and castor oil, drinking freely at the same time of vinegar 
and water. £ther, with a few drops of laudanum mixed with sugar and 
water, may afterward be taken freely. 

Poisonous Serpents.— Antidote. — A ligature or handkerchief 
should be applied moderately tight above the bite, and a cupping-glass 
over the wound. The patient should drink freely of alcoholic stimulants 
containing a small quantity of ammonia. The physician may inject 
ammonia into the veins. 

Poisonous Insects. — Stings of scorpion, hornet, wdsp, bee, etc. 

Antidote. — A piece of rag moistened with a solution of carbolic acid 
may be kept on the affected part until the pain is relieved ; and a few 
drops of carbolic acid may be given frequently in a little water. The 
sting may be removed by making strong pressure around it with the barrel 
of a small watch-key. 

Dronnniiii^. 

Marshall Hall's ** Ready Method " of treatment in asphyxia from 
drowning, chloroform, coal-gas, etc. 

1st. Treat the patient instantly on the spot, in the open air, freely 
exposing the face, neck, and chest to the breeze, except in severe weather. 

2d. In order to clear the throat, place the patient gently on the face, 
Avith one wrist under the forehead, that all fluid, and the tongue itself, 
may fall forward, and leave the entrance into the windpipe free. 

3d. To excite respiration, turn the patient slightly on his side, and 
apply some irritating or stimulating agent to the nostrils, as veratrine, 
dilute ammonia, etc. 

4th. Make the face wftrm by brisk friction ; then dash cold water 
upon it. 

5th. If not successful, lose no time ; but, to imitate respiration, place 
the patient on his face, and turn the body gently, but completely, on the 
side, and a little beyond ; then again on the face, and so on, alternately. 
Repeat these movements deliberately and perseveringly, fifteen times only 
in a minute. (When the patient lies on the thorax, this cavity is com- 
pressed by the weight of the body, and garpiration takes place. When he 
is turned on the side, this pressure is removed, and inspiration occurs. ) 
^th. When the prone position ia T^um^^, ixxieSiiLA «i xasc^srcs^ v(A c^fSKnent 
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pressure along the spme^ removing the pressure immediately, before rota- 
tion on the side. (The pressure augments the earpiration ; the rotation 
commences inspiration. ) Continue these measures. 

7th. Rub the limbs uptuardf with firm pressure and with energy, 
(The object being to aid the return of venous blood to the heart ) 

8th. Substitute for the patient's wet clothing, if possible, such other 
covering as can be instantly procured, each bystander suppljring a coat or 
cloak, etc Meantime, and from time to time, to excite inspiration, lot 
the surface of the body be slapped briskly with the hand. 

9th. Rub the body briskly till it is dry and warm, then dash cold 
water upon it, and repeat the rubbing. 

Avoid the immediate removal of the patient, as it involves a dangerous 
loss of time — also, the use of bellows, or any forcing instrument ; also, 
the vxirm bath, and all roiigh treatment. 



Tbe Care of tbe Sick-room. 

The sick-room should be bright and airy, and "Sweetness and light" 
its motto. Other things being equal, it is best on one of the upper 
floors : — in the case of some ** catching " disease on the top floor. Let it 
be on the sunny side of the house. If for any reason the light of the sun 
is temporarily to be avoided — as when the eyes are sensitive or have been 
operated upon — ^let the light be shut out by a proper arrangement of 
blinds or curtains. The air-supply to be breathed by the sick person 
should be pure. Those who, in health, find themselves in an impure air 
can quit it ; they are not compelled to sufler from it ; but a sick person 
may be incapable of recognizing the bad quality of the air, as well as 
helpless to free himself from it. 

To keep the air pure, the windows should be opened as often as three 
times a day, care being taken to protect the patient from being chilled, 
while the room is being aired. 

Unless the physician shall direct differently, one window — that most 
remote from the bed — should be open an inch or more both day and 
night, and in all seasons. The extent to which the sash shall be lowered 
must be governed largely by the weather and the direction of the 
wind. 

A fire, in an open fireplace, except in summer weather, ^ill be a great 

help towards keeping the air pure. The upward current through a chim- 
ney flue, if unobstructed, is equal to or not far below 20,000 cubic feet 
per hour : an outlet sufficient for a room occ\i\)\^d b^ \jetv \fcTafircsa». 
Tbe inlet of air, however, must not be ioTgo\.\«ti, o\)asr«\sfe'Caft «ks.^\*^isia 
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room tends to become both impure and too thin. As oar houses are 
generally constructed, the inlet of air is best secured by a window-sash 
being lowered from the top. 

Take special care that no stationary wash-basin or other sewer- 
connected convenience is improperly plumbed, and that sewer gas cannot 
by any possibility escape into the sick-room. 

The swinging of doors to create a current is not an efficient means 
of ventilation, as it agitates the air of the room without purifying it, and 
often disturbs the patient 

A draught of air is to be avoided ; it will seldom occur that the air of 
the room requires to be so speedily changed that the ^patient need be 
exposed to a draught ; never, when care has been taken to provide con- 
tinuous and gradual ventilation. 

It should be borne in mind that cold air is not necessarily pure air, 
and that ventilation is not less needed in winter than in warm weather. 

Sleep is a great necessity to the sick. If a well person slumbers in the 
day-time, it will interfere with his sound repose at night, but with the 
sick this is generally not the case. The more they sleep the more favor- 
able are the chances for their recovery : so that it will be readily seen 
how important it is to avoid noise and jar in the sick-room, especially if 
the disease is acute. 

Bear in mind that even slight noises, as the rustling of garments, the 
creaking of doors, whispering or noisy footfalls, may be sufficient to 
disturb a brain that is rendered sensitive by pain or wakefulness. 

The clothing next the skin should be changed more frequently in sick- 
ness than in health. These changes must be quickly and deftly 
made, and with as little disturbance as possible. 

Under some conditions of disease, the best welfare of the patient is 
accomplished by having two beds in the room instead of one. 

The temperature of the room must be watched. To that end a ther- 
mometer should always be present, and easily approached. It is better 
not to have it directly in the view of the patient The temperature 
should not be allowed to vary much from 65° F., unless the doctor other- 
wise directs. 

Let the furniture be as plain and as free from upholstery as possible : 
not many pieces are required. Movable carpets or rugs are better than 
those that are permanently laid. Curtains about the windows are out of 
place in a sick-room : so are flowering plants and birds, as a general rule. 
Florence Nightingale, however, makes an exception in the case of chronic 
invalids, and consents to the comfortinsj influence of a pet bird or two. 

/// regard to the a I mission of visitors and conversation, much will 
depend upon the strength of the patient «^ii^ t^v^^sMA^l^sSteasBa-. at 
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many times these are to be forbidden, as having a disquieting influence. 
When contagious disease is in the house, the sick-room must be avoided 
by all except those who have the care of the patient, and those having 
this care should avoid coming in contact with the other members of the 
household, especially the children. 

Bear in mind that everything brought in contact with the sick is liable 
to endanger the health of the well. 

No articles in use by the invalid should be removed or used by others 
until thoroughly disinfected : the dishes and spoons should be put in 
boiling water before being taken from the room. The room itself should 
be fumigated with sulphur when the person is removed from it ^ 

Old pieces of muslin, etc. , may be used instead of handkerchiefs to 
receive the poisonous discharges from the nose, mouth, and throat These 
can be destroyed by fire, and thus prevent the danger of conveying the 
disease to others. 

"Taking the breath" and kissing should be avoided by those in at- 
tendance upon the case. 

The bottles of medicine and other reminders of illness should, as far as 
convenient, be withdrawn from the view of the sick. 

Such as are to be kept always at hand, should be arranged in an orderly 
way upon a tidily-covered bed-side table. The sight of a siphon-bottle of 
aerated water is agreeable to most patients : that may be kept in the 
room, but the vessels containing milk, drinking-water, etc., should be 
kept elsewhere. 

Disinfection. 

Filth fosters or produces certain diseases ; it should therefore be re- 
moved as soon as possible. "When it is difficult to remove it, disinfectants 
come into play, as they have the power to rob it of some of its disease- 
making force. But let it be remembered that disinfection is not cure : it 
is not a substitute for cleanliness and pure air. The true cure is the re- 
moval of filth : and when our homes are concerned in some question of 
drainage where the filth is out of our sight, it may be necessary to consult 
and employ the plumber or some other artisan. 

In times gone by, it was the custom to mask bad smells by burning 
pastiles, coffee, cascarilla, and the like. These are not now much used, 
for most persons have come to understand that the fumes thus created do 
not remove but simply overpower the evil odors. 

Chemistry has advanced to such a point that various pungent chemical 
substances, formerly not well known, can be furnished at small cost, and 
these substances have the power, in vaTyiug OL^gKiea^ \ft Owi*3«^M^<i ^<2»\s^ 
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Carbolic acid, chloride of lime, and Labarraque's solution are among the 
best known of these, but there are also certain of the salts of iron and 
zinc and the permanganate of potash that may be used. Sulphur is much 
used for the fumigation of rooms that have been infected. 

Another cheap disinfectant is a solution of chloride of lead. It is in- 
odorous, effective, and the cost is smalL Take half a drachm of the 
nitrate and dissolve it in a pint or 'more of boiling water. Dissolve two 
drachms of common salt in a pail or bucket of water : pour the two solu- 
tions together and allow the sediment to sink. A cloth dipped in this 
solution and hung up in a room will correct a bad odor promptly, or if the 
solution be thrown down a drain or upon foul-smelling refuse, it will have 
the same effect 

The room to be purified with sulphur should be made as tight as 
possible, so that no fumes can escape, either by window, door or chimney. 
Put three pounds of sulphur in an iron pot, which should not stand upon 
woodwork or carpet, lest they be burned, but in a large pan of ashes, or 
upon a layer of bricks ; on this sulphur pour a table-spoonful of alcohol 
This is then set on fire, and everybody immediately withdraws from the 
roouL The room should remain closed ten hours, after which it should 
be thoroughly aired before it is occupied, for the fumes of the sulphur are 
irritating to the lungs. 

The chemicals above mentioned should be known and labeled as 
poisons. Many persons have been injured, if not killed, by incautiously 
or ignorantly drinking those that are of a liquid form. 

Heat is one of the best, if nc4^ the best disinfecting agent Articles of 
bedding and furniture that cannot well be treated otherwise can be purified 
by a long exposure to a temperature of 240"" F. In some cities, especially 
in England, furnaces are made for the reception of bulky articles that 
have become infected. 

Fresh pure air is another powerful agent If woven fabrics, clothing 
and the like are for a long time aired out of doors, they cease to bo 
infective ; probably by the enormous dilution, if not destruction, of the 
elements of danger. 

Certain diseases are "catching" ; they have the power of spreading 
from one person to another, chiefly by the particles that pass off from the 
body of the patient Among these diseases are small-pox, measles, scarlet 
fever, and diphtheria. The articles that are worn or used by the patient 
become ** infected," and they should be disinfected before they are used 
by others. As a rule, of course, a doctor will be called in to attend to 
these diseases. When that is so, follow his directions as to disinfection 
as well as every other part of the treatment of the case. For substances 
that are not injured by being \s'as\\xH\, a ^ocA wv^ <^\v<^^ disinfectant is 
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Rulphate of zinc ("white vitriol") and common salt dissolved in water, 
boiling-hot if i)088ible : using eight table-spoonfuls of the zinc and four of 
salt to the gallon of water. This ia useful for clothing, bed-linen, towels, 
handkerchiefs, etc After these articles have lain for an hour or two in 
this solution, they should be allowed to stand in boiling water before 
being washed. Infected articles that are of little value should, of course, 
be destroyed by fire. 

The United States Treasury Department has published the following 
formula for the disinfection of the rags coming from Egypt : ** 1. Boiling 
in water for two hours under a pressure of fifty pounds per st^uare inch ; 
2. Boiling in water for four hours without pressure ; or, 3. Subjection to 
the action of sulphur fumes for six hours, burning one and one-half to two 
pounds of roll brimstone in each 1,000 cubic feet of space, with the rags 
well scattered upon racks. " Either of these three methods is accejited as 
sufficiently thorough to prevent the spreading of cholera by means of 
rags. 

Emergeucies. 

" 'Tis all in being ready."— Hamlet. 

The life of many a child has been saved by the fire-drill in schools, 
and great good has been done on shipboard by a drilling of the crews. 

If in a building filled with smoke, get down on hands and knees and 
crawl to door or window. 

In a cellar, well, or vat where carbonic acid can collect, the true ^wsture 
is to stand erect. If a candle, on being lowered into a sus{x;cted place, is 
put out, you may know that there is danger to human life. 

DurilS and Scalctn. — The secret of the best treatment of these in- 
juries is to exclude the air from the wounded surfaces. When they are slight, 
and the skin is not destroyed but merely blistered, prevent the displacement 
of the skin as much as possible. Let the blisters be punctured, if neces- 
sary, to let out the liquid, and then keep the skin in place by cotton cloth 
or lint, wet with a solution of one teaspoonful of carbolic acid in a quart 
of water, or a strong solution of baking soda. The cloth should be kept 
wet constantly, but do not irritate the wound by taking off the dressing 
too often. 

Extensive bums are much worse than deep bums. In the former case, 
the outlook is grave and the patient will probably require the best aid, 
both medical and surgical, of some ])hysiciau. 

Sk.*ars Biter Bums.— If a bum \)c ow i\\^ la^i^, w^^, w \sRas. -^ 
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joint, it i.i not well to hasWn the hoaling proceas, on accoimt of the 
tnuliun that alwvya Ukea [ilace ta thu scar ia foruieil. 

** l^l*e is u Bonrce of danger, and ia TPrj destnlctire to life at times, 
Spontaneons comltustion of the Imoian hody when satnrated with aluoho! 
is a myth, tbough perhaps thu alcoholized bod; does bum more roadilj 
tJiau one free from iaduoinable floid. When a lady is oii fire, she shonld 
not, and ought not to be permitted to run ; that fans the flamea anuudnglj. 
She must he laid down, and rolled u]i in the nearest woollen article, — rug, 
coat, or blanket. Such wrapping up in a Dou-inflaminahle article is a 
KOSt effective method of extinguishing the flames. Immersion in water 
ia, unfortonately, rarely practicablfl."^/l)tteivi'iH. 

Illamitiatlng Gut is dangeroos in two ways. If it escapes into ■ 
tightly closed room in sulGcient quantities, it (susos the death of the in- 
mates by suffocation, uolesB some one from without iliacovers the perilona 
ntoation. If not too late, remove the patient into tVesh air, undo the 
clothing, dash i^old water on the face and neck, and emfiloy artlficUl res- 
piration, as in ilrowning (see p. 180). Again : If it escapes freely into an 
spartmrnt, it fornis ao explosive compound by mixing with the air. If 
then a light is unguardeilly taken into the place, an explosion that may 
be destructive to life will result. Always thoroughly air any room that 
has the odor of escajiing gas before a light is taken in. 

KerOieneisthecauseofeveomore "accidents" than gas. Toomnch 
care cannot be taken in its use. Buj only that which has been teatnl, 
hut lomumber that not all that are marked as "safe" are truly so. If a 
resiKinsible oil-man certifies that the oU will not "flash" under 140°, it 
may be regarded as safe if properly used. Lain[ia should only be filled in 
the daytime. Never attempt to till a lamp that is lighted, and never ptit 
kerosene in the stove for the purpose of kinilling a fire. Very smalt lam|a 
are dangerons, as also is a lamp that has burned a long time, and has but 
very little oil in it 

Frost-bitei. — Keep away from the fire and in a cool room. Hub the 
none or other part that has been " bitten " with snow or ice-wator until 
tlie blood again is wanned and circulating in the part Chilblains should 
not be brought to the fire ; if the skin is unbroken, it should be hardened 
by brushing it over with alcohol having taunin in it 

Cats. — These, if soverc, should be promptly attendeil by a physician, 
but every one should know how to treat small wounds. Learn the differ- 
ence between the two kinds of bleeding, called " arterial" and " venous." 
Arterial is bright red and comes in jets (or with throbs TOrresponding to 
the pulse) ; venous is dark colored and flows continnoosly. Id the former, - 
press on that side of the wound iirarcr to the heart ; in the latter, on the 
liirthvr side. Or, pressurt may !-■ mai\u uv-;i >.\w wauMil iuulf with tlic 
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fingers : this may stop the loss of blood from small arteries as well as 
from veins. Loss of blood from arteries is apt to be more rapid and dan- 
gerous than that from veins, and when the cut vessel is a large one, the 
skill of the suigeon will ordinarily be rei^uired in order to close the 
bleeding artery permanently and securely. 

It is well, in every household, to have, in some handy and well-known 
place, some strips of old muslin and some lint, or oakum, a l>andage or 
two and some adhesive plaster, a soft sponge, and needles and thread in a 
basket or box by themselves. In this way, valuable time may be saved 
in the staunching of blood, flowing in conse({uence of some accidental cut 
or other iiyury. 

Pits or ConTUlslons. — These may be trivial or grave. If it is a 
young woman, the. attack is probably hysterical and, as a rule, not dan- 
gerous, and a sprinkle of cold water will bring relief. If the patient strug- 
gles with regularity of movement, and there is bloody froth on the lips, it 
IB a case of epilepsy, and requires a physician's attendance. Meanwhile, 
protect the head from injury by putting a pillow or some soft article l)eneath 
it ; a cork introduced between the teeth will prevent the biting of the 
tongue. Prevent the i>erson from falling or injuring himself, but do 
not attempt to forcibly hold him (luiet. 

In children, apply cloths dipped in water to the head ; disturb the 
child as little as possible ; do not use a warm bath until directed by the 
doctor. 

Fainting^. — This occurs when the blood is deficient in the brain. The 
proper position, therefore, is ujwn the back. Let the window be opened 
to admit fresh air ; fanning, and the sprinkling of water are useful. If the 
clothing about the chest is tight, let it be loosened. If the faint occurs 
at church or some public gathering, remove the person promptly to the 
outer air : for foul air Is froc^uently the c^use of the trouble. 

Vertigo.— This is ** a rush of blood to the l)rain." The body should 
be placed in the sitting posture, with the head erect. If the blood escai)es 
into the brain by reason of the rupture of a bloo<l-vessel within it, the 
case is very grave, and the physician should be summoned at once. 
Meanwhile, let the position of the body be as above stated. Apoplexy is 
known, in very many cases, by the helpless condition of an arm or leg, or 
both. 

. Sunstroke is seldom produced in this climate in i)ersons who have 
not labored too hard. Fatigue and sun-heat are commonly the joint causes 
of sudden prostration in summer ; although ** heat-stroke " may occur in 
an artificially-heated atmosphere, \*'ithout exposure to the sun. In the 
tropics, the least ])08sible exertion is })y the natives ])ut forth during the 
midday hours. On very hot days, tlierefotc, Vfo\!i\. Vs)k\A!^^ «EL\^s5iws^ "vol 
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the open air as much as possible. Keep the head cooL If any unusual, 
dizzy feeling comes on, apply cold water to the head and neck. If a 
person falls unconscious and the skin is decidedly hot and dry, he should 
be taken to a cool place. If the face and head are red and hot, apply ice- 
water on cloths. If pale, give stimulants gradually and use cold water 
sparingly. 

Shock may be caused by a fall or a blow upon the head or the pit of the 
stomach. It is known by slowing of the pulse and respiration ; the face 
is pale and the skin becomes cool. The head should be placed low, some 
ammonia in water be given and warmth applied to the surface of the 
body. 

Tbe Home and Health. 

The location of the house should be airy, dry, and sunny. 

A certain amount of elevation is necessary, in order to secure proper 
drainage. Too much shade must not fall upon the house, as sunlight is 
very necessary to a proper degree of animal vigor. Young children, as is 
well known, especially profit by the tonic influence of sunlight 

The cellaris an important part of the dwelling ; therefore, unless care 
be taken for its ample ventilation, it will be the source from which is sup- 
plied much of the air breathed in the upper chambers of the house. If 
the cellar is damp the house is liable to become so, and if vegetables are 
stored in the cellar, an especial degree of care is needed to ventilate it 
thoroughly and constantly. 

House Dralnag^e. — An English writer has stated that ''the most 
important part of the house is the drains." This, no doubt, sounds 
strangely to the ears of many, who have been brought up to view the 
parlor or drawing-room as the true centre of the house, and yet it is no 
foolish saying, when we reflect that with a bad system of drainage to a 
house every dweller therein stands in peril of several forms of disease that, 
mild as the cases may be, are a source of anxiety, and when severe, too often 
have a fatal termination. Drain-diseases, such as typhoid fever, dysentery, 
diphtheria, and scarlet fever, often destroy entire families. These diseases 
do not always spring upon a home through defective drainage, but when 
they do, they frequently show themselves in a very violent form. 

Drainage (as applied to dwellings) consists in conveying away from the 
house the liquid and solid impurities that would otherwise accumulate in 
or near the dwelling. Waste is a necessary accompaniment of all animal 
life, to the preparation and the taking of food, to the clothing of the body, 
to bathing and other simple acts of daily life. The waste material of 
houses tends to decay and to beco:\\e- oV\o.ua\vft. It. TsixN&t, thsTefore, not 
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only be put out of sight and smell, but must be lemoved so far away that 
it cannot return in the form of dangerous, invisible gases of decomposi- 
tion. 

The best house-drains are made of iron or glazed earthenware, carefully 
selected and well laid. The joints of the pipes should be gas-tight The 
soil-pipe should be carried up to and through the roo£ All the waste- 
pipes from basins, etc., in the rooms should be joined in a gas-tight 
manner to the soil-pipe, and each and every basin and other fixture 
should have a separate trap. What is a trap? It is a device that is 
designed to retain a certain portion of the water running through it — 
called the ** water-seal " — so that the ascent of air or gas, from the drain 
back into the room, is prevented. It ** traps " the sewer gas away from 
us. Whenever a fixture has been used and there is not, beyond all doubt, 
a sufficiency of water to fill the trap, additional water should be poured 
in. Traps are of various sizes, and of an infinite variety of patterns and 
patents, and must vary greatly according to their situation, but one thing 
should be made sure of in their use, namely, that they hold not less than 
two inches of water as a **seaL" 

There is at almost all seasons of the year an upward, because warmer, 
current of air through the main pipes. It is therefore better to have a 
fresh-air inlet pipe near the point where the drain leaves the house-walL 
This helps to prevent the unsealing of traps. It also brings about a purer 
condition of the air in the interior of the system of pipes : so useful is 
this air-current through the soil-pipe that if applied there is little danger 
of the escape of sewer gas into the living rooms. 

What is sewer gas or sewer air ? It varies greatly in different places 
and at different times. It is not a definite gas, like oxygen, nitrogen, 
etc , but varies in composition, and what is still more worthy of note, it 
varies in its dangerous qualities. It is not always offensive, although it 
is generally so; its odor has been described as being "sweetish and 
sickish." Its dangerous qualities have not yet been determined by chem- 
istry or the microscope, but one practical point may be l)orne in mind, 
namely, that when a case or cases of contagious disease occur in any 
house along any given line of sewer pipes, it is best to use disinfectants in 
the drainage of the other dwellings along the same line of sewer. Chil- 
dren should avoid playing over or around the sewer gratings in the 
streets at all times, and especially when scarlet fever and like conta- 
gious diseases are known to be in the neighborhood, for the exit of 
sewer air at these points is always very free, unless it be directly after a 
rainfall. 

One other point must be remembered, that the best laid system of 
house plumbing is not indestructible. lu the. coixisft q^ ivxftft^ ^^ftfesXa^NB?^ 
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arise, breaks will occur ; for this reason it would be well for every house- 
holder to have an examination made at intervals of every joint and along 
the whole line of the house connection with the sewer or drain. 

It is thought by many that sewer gas is not found in the country 
because there are no sewers : they have been misled by the word. If the 
words "drain air'' or "filth gas" had been adopted, the universal pro- 
duction of this injurious substance, in close connection with every abode 
of man, wherever located, might have been better understood. In country 
houses there are, perhaps, fewer dangers of contamination of the air we 
breathe by waste products, because there are fewer water-closets, wash- 
basins, sinks, etc. , and the rooms are less exposed to impure air. 

But in the country danger is apt to come by or through the pollution 
of the water supply. The well, which furnishes that cool and refreshing 
draught, is the point to be watched. It is convenient to have the well 
near the house, because when snow is on the ground and the weather is 
cold, the distance to the well from the house is a matter of no small 
moment. Near the house must be the stable and pens for animals : the 
waste from the house goes upon the ground, and not very far away from 
the house : the chamber slops and the more offensive matters go into a pit, 
which must not be too distant. The result of all these conditions is a 
pollution of the soil at all these points — a pollution which spreads with 
every rainfall, and which, sooner or later, reaches the well ; yet the water 
may appear as pure as ever. It only remains to have the suitable disease- 
germ lodged in this polluted territory to bring down the whole household 
with a fever. This is the kind of soil-pollution which is hard to cure, and 
which, in long-settled countries, causes laws to be enacted requiring all 
vaults for the reception of house and human waste to be made water- 
tight, so as to save the soil from its poisoning influence. 

This is the kind of poisoning which, in the Dark Ages, caused so much 
unrighteous persecution of the innocent In those days, no care whatever 
was taken in the towns, high-walled, crowded, and unsewered, to protect 
the water supply from pollution : as a result, some terrible epidemic of 
fever would arise. Then the angry populace would, in their ignorance, 
cry out : *' The Jews hav^ poisoned the wells." The wells were poisoned, 
no doubt, but the Jew was no more worthy of blame than were his 
accusers. Nevertheless, the Jews were not spared : they were robbed, 
imprisoned, executed. 

Drainage in the city is a comparatively easy problem when the city's 
sewers are laid in the streets. In the country it is more difficult, and on 
this account the fewer fixtures or ** modem improvements" there are in 
the house the better it will be. There should be no less care within the 
country bouse, where waste-pipes are ^ul m, tViwa. in the city house. 
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The material should be well selected, tightly joined, and properly ven- 
tilated. The water-closet should be remote from the house. Earth- 
doeets are better than the ordinary vaults — house-waste from kitchen and 
laundry should be taken to a considerable distance from the house, and 
fer away from the well, and either deposited in a water-tight cesspool or 
conveyed away, by a system of subsoil drainage tiles, arranged so as to 
fertilize some unoccupied plot of ground. 



On Going Into the Country. 

To spend the summer in the country would be the choice of all city- 
dwellers, whenever their purses will permit of it. And there are not a few 
advantages in such a course ; the change of scene is good, the mountains 
and the seaside give a purer and cooler air : an air that invigorates and 
aids in restful sleep at night, so different from the midsummer atmosphere 
in hot cities. There are fewer excitements in the country ; we do not 
" live so fast," and there is full scope for healthful life and activity in the 
open air, with the green and blue of nature all about us, instead of the 
monotonous walls of towering houses. 

But this course, pleasant and helpful to so many, is not without its 
danger. Many who ** go away" on vacation are brought home sick on 
account of fever or other sickness caused by defects and faults of drainage 
existing in these temporary summer homes. Scarcely a year goes by that 
one or more summer resorts have not gained the ill name of being the 
hotbeds of typhoid fever, dysentery, and the like. 

In view of this, how important it becomes that we exercise judgment 
and seek skilled advice in the selection of our summering places. 

Again, there is another danger that must not be overlooked. Let us 
suppose that the summer vacation has passed by without accident ; that 
we return invigorated by the experience ; and that the home in the city 
has been empty and closed during our absence ; what has happened that 
the air in the rooms newly reopened should be foul and stifling ? This 
has' taken place ; the water that stands in the traps of house pipes, and 
shuts off gases from the sewer, when the rooms are in use and water is daily 
entering the different wash-basins, etc., has during our absence been 
evaporated. For weeks, perhaps, there has been no ** water-seal " in the 
traps, and the ascent of sewer air has been going on continuously, so that 
not only is the air utterly unfit to live in, but all the curtains, carpets, 
and other absorbing materials have, become saturated with the pollu- 
tion thus allowed to enter. Let it be remembered that when a sink, etc«, 
is not in use, it is gradually losing the tra^via\«i Vj \)aft «^«^t^5gssssx. 
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What is the remedy, yoa will ask, for the condition of things caused by 
closing up the house, as above stated ? To this the reply is, that the 
house should from time to time be opened and aired, and water should be 
poured down each and every sanitary fixture, in sufficient quantity to 
renew the supply of water in the trap of each. 



GLOSSARY. 



Ab-Wmen (Latin abdo, to conceal). The largest cavity of the body, con- 
taining the liver, stomach, intestines, etc. ; the belly. 

Ab-sor'bents (L. ab and sorbeOf to suck up). The vessels which take 
part in the process of absorption. 

Ab-sorp'tion. The process of sucking up fluids by means of an animal 
membrane. 

Ac-com-mo-da'tion of the Eye. The alteration in the shape of the crys- 
talline lens, which accommodates or adjusts the eye for near and remote 
vision 

Ac'iD, Lactic (L. fee, milk). The acid ingredient of sour milk ; the 
gastric juice also contains it 

Al-bu'men, or Albumin (L. albtiSf white). An animal substance resem- 
bling white of egg. 

Al-bu'mi-nose (from albumen), A soluble animal substance produced in 
the stomach by the digestion of the albuminoid substances. 

Al-bu'min-oid substances. A class of proximate principles resembling 
albumen ; they may be derived from either the animal or vegetable 
kingdoma 

Al'i-ment (L. afo, to nourish). That which affords nourishment; food. 

Al-i-ment'a-ey Ca-nal (from aliment), A long tube in which the food 
is digested, or prepared for reception into the system. 

An-jes-thet'ics (Greek, av, an, without, ala^fiaia^ aisthesia, feeling). 
Those medicinal agents which prevent the feeling of pain, such as 
chloroform, laughing-gas, etc 

An-i-mal'ctjle (L. animal' culumj a small animal). Applied to animals 
which can only be seen with the aid of the microscope. Animalculum 
(plural, animalcula) is used with the same meaning. 

A-or'ta (Gr. dopreofiatf aorte&tnai, to be lifted up). The largest drtery of 
the body, and main trunk of all the arteries. It arises from the left 
ventricle of the heart The name was first applied to the two large 
branches of the trachea, which appear to be lifted up by the heart. 

A'que-ous Humor (L. aqtiat water). A few drops of 'v^terj ^ss^^sCssse^ 
fluid occupying the space between the cotuedi on'Oi Q!r^%\»5^iM\ft\«ftak. 
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A-rach'noid Mem'brane (Gr. apdxvij, arachney a cobweb, and eiSo^, 

eidosj like). An extremely thin covering of the brain and spinal cord. 

It lies between the dura mater and the pia mater. 
Ar'bor Vi'TiE (L.). Literally, "the tree of life ;" a name given to the 

peculiar appearance presented by a section of the cerebellum. 
Ar'tery (-Gr. aTJp, aer, air, and Trjpeiv, tereiUy to contain). A vessel by 

which blood is conveyed away from the heart. It was supposed by the 

ancients to contain air ; hence the name. 
Ar-tic-u-la'tion (L. articulot to form a joint). The more or less mov- 
able union of bones, etc. ; a joint. 
A-ryt'e-noid Car'ti-la-ges (Gr. dpvTaivaf arutainaf a pitcher). Two 

small cartilages of the larynx, resembling the mouth of a pitcher. 
As-sim-i-la'tion (L. ad, to, and similiSj like). The conversion of food 

into living tissue. 
Au-di'tion (L. uiidiOy to hear). The act of hearing sounds. 
Au'di-to-ry Nerve. One of the cranial nerves ; it is the special 

nerve of hearing. 
Au'ri-cle (L. auriSf the ear). A cavity of the heart. 
Bar'i-tone (Gr. jSapiJ?, harus, heavy, and tovoc, toTios, tone). A variety 

of male voice between the bass and tenor. 
Bel-la-don'na (It. beautiful lady). A vegetable narcotic poison. It 

has the property of enlarging the pupil, and thus increasing the 

brilliancy of the eye ; so called from its use by Italian ladiea 
Bi-cus'piD (L. bi, two, and citspis, prominence). The name of the fourth 

and fifth teeth on each side of the jaw ; possessing two prominences. 
Bile. The gall, or peculiar secretion of the liver ; a viscid, yellowish 

fluid, and very bitter to the taste. 
Bronch'i (Gr. (3p6yxoc, hronkos, the windpipe). The two first divisions 

or branches of the trachea ; one enters each lung. 
Bkonch'i-al Tubes. The smaller branches of the trachea within the 

substance of the lungs, terminating in the air-cells. 
Bronch-i'tis (from bronchia, and Uis, a suffix signifying inflammation). 

An inflammation of the larger bronchial tubes ; a "cold" affecting the 

lungs. 
Cal-ca're-ous (L. calx, lime). Containing lime. . 
Ca-nal' (L. ). In the body, any tube or passage. 
Ca-nine' (L. canis, a dog). Name given to the third tooth on each side 

of the jaw ; in the upper jaw it is also known as the eye-tooth, pointed 

like the tusks of a dog. 
Cap'il-la-ry (. capil'lxis, a hair, capilla'ris, hair-like). The name of the 
extremely minute blood-vessels which connect the arteries ¥dth the 
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Cab'bon Diox-idb (CO,). Chemical name for carbonic acid gas. 
Car-bon'io A'cid. The gas which is present in the air expired from the 

lungs ; a waste product of the animal kingdom, and a food of the 

vegetable kingdonL 
Car'di-ac (Gr. Kopdia, cardia^ the heart). The cardiac orifice of the 

stomach is the upper one, and is near the heart ; hence its name. 
Car-niv'o-rous (L. ca'rOf flesh, and vc/ro^ to devour). Subsisting upon 

flesh. 
Ca-rot'id Ar-tb-ry. The large artery of the neck, 8uppl3ring the head 

and brain. 
Car'ti-lagk. a solid but flexible material, forming a part of the joints, 

air-passages, nostrils, ear ; gristle. 
Ca'se-ine (L. ca'seusj cheese). The albuminoid substance of milk, it 

forms the basis of cheese. 
Cer-e-bel'lum (diminutive for cer'eh^my the brain). The little brain, 

situated beneath the posterior third of the cerebrum. 
Cer'e-brum (L. ) The brain proper, occupying the entire upper portion 

of the skulL It is nearly divided into two equal parts, called "hemi- 
spheres," by a cleft extending from before backward. 
Cho'roid (Gr. x^P^^Vj chorion^ a membrane or covering). The middle 

tunic or coat of the eyeball 
Chyle (Gr. xVko^, chulosy juice). The milk-like fluid formed by the 

digestion of fatty articles of food in the intestines. 
Chyme (Gr. x^fioc, chumos, juice). The pulpy liquid formed by digestion 

within the stomach. 
Cil'i-a (pi. of ciVi'Umy an eyelash). Minute, vibratile, hair-like pro- 
cesses found upon the cells of the air-passages, and other parts that are 

habitually moist 
Cir-cu-la'tion (L. dr^culics, a ring). The circuit, or course of the blood 

through the blood-vessels of the body, from the heart to the arteries, 

through the capillaries into the veins, and from the veins back to the 

heart 
Co-ag-u-la'tion (H coag'ulOf to curdle). Applied to the process by 

which the blood clots or solidifies. 
Coch'le-a (L. coch'lea, a snail-shell). The spiral cavity of the internal 

ear. 
Conoh'a (Gr. KovxVt konchct a mussel-shell). The external shell-shaped 

portion of the external ear. 
CoN-JUNC-Ti'vA (L. con and jun'go, to join together). A thin layer of 

mucous membrane which lines the eyelids and covers the foont q€ t.\^<ik 

eyeball ; thus joining the latter to the lids. 
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Con-trac-til'i-ty (L. am and tra'ho, to draw together). The property 

of a muscle which enables it to contract, or draw its extremities closer 

together. 
Con-vo-lu'tions (L. am and vol'voj to roll together). The tortuous fold- 
ings of the external surface of the brain. 
Con-vul'sion (L. aynveVht to pull together). A more or less violent 

agitation of the limbs or body. 
Cor'ne-a (L. arr'nUf a horn). The transparent, horn-like substance 

which covers the anterior fifth of the eyeball 
Cor'pus-cles, Blood (L. dim. of ayr^jms^ a body). The small bi-concave 

disks which give to the blood its red color ; the white coq^uscles are 

globular and larger. 
Cos-met' ic (Gr. Koofituy kosTneo, to adorn). Beautif3ring ; applied to 

articles which are supposed to increase the beauty of the skin, etc. 
Cra'ni-al (L. cra'niumy the skull). Pertaining to the skull. The nerves 

which arise from the brain are called cranial nerves. 
Cri'coid (Gr. KpUoc, kri'kos, a ring). A cartilage of the larynx resem- 
bling a seal-ring in shape. 
Crys'tal-line Lens (L. crystuVlum^ a crystal). One of the so-called 

humors of the eye ; a double convex body situated in the front part of 

the eyeball. 
Cu'ti-cle (L. dim. of cu'tiSy the skin). The scarf-skin ; also called the 

epider'mis. 
Cu'tis (Gr. (TKvrof, shutos, a skin or hide). The true skin, lying beneath 

the cuticle ; also called the da^mis. 
De-cus-sa'tion (L. dectis'siSy the Roman numeral ten, X). A reciprocal 

crossing of fibres from side to side. 
Di'a-phragm (Gr. diaiftpdaauj diaphrassOy to divide by a partition). A 

large, thin muscle which separates the cavity of the chest from the 

abdomen ; a muscle of respiration. 
DiF-FUs'ioN OF Gases. The power of gases to become intimately 

mingled, without reference to the force of gravity. 
Duct (L. du'co^ to lead). A narrow tube ; the thoracic duct is the main 

trunk of the absorbent vessels. 
Du-o-de'num (L. diuMni, twelve each). The first division of the small 

intestines, about twelve fingers-breadth long. 
Du'ra Master (L. ). Literally, the hard mother ; the tough membrane 

which envelops the brain. 
DyS"PEp'si-a (Gr. <Jvf, dus^ difficult, and TreTrro, pepto, to digest). Diffi- 
cult or painful digestion ; a disordered condition of the stomach. 
E-MUL^sioN (L. emul'«i$o, to milk). Oil in a finely divided state sus- 
pended in water. 
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En-am'el (Ft. emaU), The dense material which covers the crown of the 

tooth. 
En'ek-gy, Specific, of a Nerve. When a nerve of special sense is excited, 

whatever be the cause, the sensation experienced is that peculiar to the 

nerve ; this is said to be the law of the specific energy of the nerves. 
Ep-i-olot'tis (Gr. Mf qn, upon,*and yX<jrr<f, glottis^ the entrance to the 

windpipe). A leaf-shaped piece of cartilage which covers the top of the 

larynx during the act of swallowing. 
Ex-ore'tion (L. excer'TWy to separate). The separation from the blood of 

the waste particles of the body ; also the materials excreted. 
Ex-pi-ra'tion (L. expi'ro, to breathe out). The act of forcing air out of 

the lungs. 
Ex-tbn'sion (L. ex, out, and ten! do, to stretch). The act of restoring a 

limb, etc. , to its natural position after it has been flexed, or bent ; the 

opposite of Flexion, 
Fe-nes'tra (L.). Literally, a window ; the opening between the middle 

and internal ear. 
Fi'brin (L. fi'hra, a fibre). An albuminoid substance found in the blood ; 

in coagulating it assumes a fibrous form. 
Flex' ION (L. flecto, to bend). The act of bending a limb, etc. 
Fol'li-cle (L. dim. oi foVlis, a bag). A little pouch or depression in a 

membrane ; it has generaUy a secretory function. 
Fun'oous Growths (L. fun'gus, a mushroom). A low grade of vegetable 

life. 
Gan'oli-on (Gr. ydvy'kiov, ganglion, a knot). A knot-like swelling in the 

course of a nerve ; a smaller nerve-centre. 
Gas'trio (Gr. yaarfjp, gaster, stomach). Pertaining to the stomach. 
Gland (L. glans, an acorn). An organ consisting of follicles and ducts, 

with numerous blood-vessels interwoven ; it separates some particular 

fluid from the blood. 
Glos'so-phar-yn-oe'al Nerve (Gr. yXoaaa, glossa, the tongue, and 

ij>upvy^, phaTogx, the throat). The nerve of taste supplying the posterior 

third of the tongue ; it also supplies the throat. 
Glu'ten (L. ). Literally, glue ; the glutinous albuminoid ingredient of 

wheat. 
Gran'ule (L. dim. of gra'num). A little grain ; a microscopic object 
Gus-ta'tion (L. gusto, to taste). The sense of taste. 
Gus'ta-to-ry Nervk The nerve of taste supplying the front part of the 

tongue, a branch of the "fifth" pair. 
Hem'or-rhaoe (Gr. aifia, hai'rrui, blood, and fi^ywfii, regnumi, to burst). 

Bleeding, or the loss of blood. 
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Hem-i-ple'oia (Gr. vf^tov^, hemisusj half, and n'k'qoauy plesso, to strike). 
Paralysis, or loss of power, affecting one side of the body. 

Hem'i-spheres (Gr. a<l>alpaj sphaira, a sphere). Half a sphere, the lateral 
halves of the cerebrum, or brain proper. 

He-pat'ic (Gr. ^nap, hepaVf the liver). Pertaining to the liver. 

Her-biv'o-rous (L. her'ba, an herb, and vo'ro to devour). Applied to 
animals that subsist upon vegetable food. 

Hu'mor (L.). Moisture : the humors are transparent contents of the eye- 
ball 

Hy-dro-pho'bi-a (Gr. vSop, hudor, water, and ^OjSt'o), phobeo, to fear). A 
disease caused by the bite of a rabid dog or other animaL In a person 
affected with it, convulsions are occasioned by the sight of a glittering 
object, like water, by the sound of running water, and by almost any 
external impression. 

Hy'qi-ene (Gr- iyUia^ , huygieia, health). The art of preserving health 
and preventing disease. 

Hy'per-o'pi-a. Abbreviated from Hy'per-met-ro'pi-a (Gr. vnep, huper, 
beyond, fitrpov^ metroUf the measure, and (5^, ops, the eye). A defect 
of vision dependent upon a too short eyeball ; sox^ed because the rays 
of light are brought to a focus at a point behind the retina ; the] true 
"farsight." 

In-ci'sor (L. inci'do, to cut). Applied to the four front teeth of both 
jaws, which have sharp cutting edges. 

In'cus (L. ). An anvil ; the name of one of the bones of the middle 
ear. 

In-sal-i-va'tion (L. m, and sali'va, the fluid of the mouth). The min- 
gling of the saliva with the food during the act of chewing. 

In-spi-ra'tion (L. iw, and spi'ro^ spira'tum, to breathe). The act of 
drawing in the breath. 

In-teg'u-ment (L. in, and te^go, to cover). The skin, or outer covering 
of the body. 

In-tes'tine (L. in'tusy within). The part of the alimentary canal which 
is continuous with the lower end of the stomach ; also called the intes- 
tines, or the bowels. 

I'ris (L. i'ris, the rainbow). The thin muscular ring which lies between 
the cornea and crystalline lens, and which gives the eye its brown, blue, 
or other color. 

Ju'gu-lar (L. ju'gulum, the throat). The name of the large veins which 
run along the front of the neck. 

Lab'y-rinth (Gr. Tia^vpivdoc, lahurin'thos, a building, with many wind- 
ing' passages). The very tortuous cavity of the inner ear, comprsing 

the vestibule, semicircular canals, aixd t\ve cogYAssk 
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Lach'rt-mal Apparatus (L. Uich'ryma^ a tear). The organs for forming 

and conveying away the tears. 
Lag'te-als (L. leui, lac'tis, milk). The absorbent vessels of the small 

intestines ; during digestion they are filled with chyle, which has a 

milky appearance. 
La-ryn' GO-SCOPE (Gr. Xufwy^, larugx, the larynx, and oKomUf skopeo, to 

look at). The instrument by which the larynx may be examined in 

the living subject 
Lar'ynx (Gr. ). The cartilaginous tube situated at the top of the wind- 
pipe, or trachea; the organ of the voice. 
Lens (L ). Literally, a lentil ; a piece of transparent glass or other sub- 
stance so shaped as either to converge or disperse the rays of light. 
Lig'a-ment (L. li'gOf to bind). A strong, fibrous material binding bones 

or other solid parts together ; it is especially necessary to give strength 

to joints. 
Lig'a-ture. A thread of silk or other material used in tying around an 

artery. 
Lymph (L. lym'pha, spring- water). The colorless, watery fluid conveyed 

by the lymphatic vessels. 
Lym-phat'ic Vessels. A system of absorbent vessels. 
Mal'le-us (L. ). Literally, the mallet ; one of the small bones of the 

middle ear. 
Mar' ROW. The soft, fatty substance contained in the central cavities of 

the bones : the spinal marrow, however, is composed of nervous tissue. 
Mas-ti-ca'tion (L. mas'ticot to chew). The act of cutting and grinding 

the food to pieces by means of the teeth. 
Me-dul'la Ob-lon-ga'ta. The "oblong marrow," or nervous cord, 

which is continuous with the spinal cord within the skull. 
Mem-bra' NA Tym'pan-i (L. ). Literally, the membrane of the drum ; a 

delicate partition separating the outer from the middle ear ; it is 

sometimes incorrectly called the drum of the ear. 
Mem'brane. a thin layer of tissue serving to cover some part of the body. 
Mi'cRO-scoPE (Gr. yui/fpof, mikroSf small, and ff/coTreo, skopeo, to look 

at). An optical instrument which assists in the examination of minute 

objects. 
Mo'lar (L. mc/lay a mill). The name applied to the three back teeth of 

each side of the jaw ; the grinders, or mill-like teeth. 
Mo'tor (L. mo'veOy mo'tum, to move). Causing motion ; the name of 

those nerves which conduct to the muscles the stimulus which causes 

them to contract. 
Ifu'cous Membrane. The thin layer of tissue which covers those mtatVialL 

cavities or passages which communicate mt\v Wi*^ e^JvX^rasiX ^* 
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Mu'cus. The glairy fluid which is secreted by mucous membranes, and 
which serves to keep them in a moist condition. 

My-o'pi-a (Gr. fivu, miLOj to contract, and <J>V» *?P*» t^^e eye)* A defect of 
vision dependent upon an eyeball that is too long, rendering distant 
objects indistinct ; near sight. 

Na'sal (L. Tva'sust the nose). Pertaining to the nose ; the nasal cavities 
contain the distribution of the special nerve of smell. 

Nerve (Gr. vevpov, neuron^ a cord or string). A glistening, white cord 
of cylindrical shape, connecting the brain or spinal cord with some 
other organ of the body. 

Nerve Cell. A minute, round and ashen-gray cell found in the brain 
and other nervous centres. 

Nerve Fi'bre. An exceedingly slender thread of nervous tissue found 
in the various nervous organs, but especially in the nerves ; it is of a 
white color. 

Nu-tri'tion (L. nu'triOt to nourish). The processes by which the nourish- 
ment of the body is accomplished. 

(E-soph' A-Gus (Gr. ). Literally, that which carries food. The tube lead- 
ing from the throat to the stomach ; the gullet. 

0-le-ag'i-nous (L. o'leurrif oil). Of the nature of oil : applied to an im- 
portant group of food-principles — the fats. 

Ol-fac'to-ry (L olfa'ciOf to smell). Pertaining to the sense of smelL 

Oph-thal'mo-scope (Gr. diltdaXfioc, qphthalTnoSf the eye, and GKonia^ 
skopeo, to look at). An instrument devised for examining the interior 
of the globe of the eye. 

Op'tic (Gr. 07rr«, opto, to see). Pertaining to the sense of sight. 

Or'bit (L. or'bis, the socket). The bony socket or cavity in which the 
eyeball is situated. 

Os'mose (Gr. uofioc, osmos, a thrusting or impulsion). The process by 
which liquids are impelled through a moist membrane. 

Os'sE-ous (L. OS, a bone). Consisting of, or resembling bone. 

Pal' ATE (L. 2^^'^um, the palate). The roof of the mouth, consisting 
of the hard and soft palate. 

Pal'mar. Relating to the palm of the hand. 

Pan'cre-as (Gr. Trdf, navroc, p(^t pcfn^t all, and Kpeac, kreas, flesh). A 
long, flat gland situated near the stomach ; in the lower animals the 
analogous organ is called the sweet-bread. 

Pa-pil'lje (L. pi. of papiVla)t The minute prominences in which ter- 
minate the ultimate fibres of the nerves of touch and taste. 

Pa-ral'y-sis. a disease of the nervous system marked by the loss of 
sensation, or voluntary motion, or both *, palsy. 
PaR'A-ple^gi-a (Gr. 7rapa7rXj}aoQ, parapUsso, \ft ^tocftia vcuo^ k Conn 

of paralysis affecting the lower haVi ot t\ie'\So^'^. 
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Pa-tel'la (L. dim. ofpcU'ina-y a pan). The knee-pan ; a small bone. 
Pel'vis (L. ). Literally a basin ; the bony cavity at the lower part of the 

trunk. 
Pep'sin (Gr. irtnru, pepfo^ to digest). The oi^nic principle of the gas- 
tric juice. 
Pericardium (Gr. nepi^ perif about, and KupdiOf kardia, heart ; the sac 

enclosing the heart. 
Per-i-stal'tio Move'ments (Gr. ireptaTi^2.u, peiistellOf to contract). 

The slow, wave-like movements of the stomach and intestines. 
Per-i-to-ne'um (Gr. nepireivo), perUeinOt to stretch around). The 

investing membrane of the stomach, intestines, and other abdominal 

organs. 
Per-spi-ra'tion (L. perspfrOj to breathe through). The sweat, or watery 

exhalation of the skin ; when visible, it is called sensible perspiration, 

when invisible, it is called insensible perspiration. 
Pe'trous (Gr. irerpa, petra^ a rock). The name of the hard portion 

of the temporal bone, in which is situated the drum of the ear 

and labyrinth. 
Phar'ynx (Gr. (jtdpvv^y pharunx^ the throat). The cavity between the 

back of the mouth and gullet. 
Phys-i-ol'o-gy (Gr. (^vaig^ phusis^ nature, and "^oyo^, logos, a discourse). 

The science of the functions of living, organized beings. 
Pi'a Ma'ter (L. ). Literally, the tender mother ; the innermost of the 

three coverings of the brain. It is thin and delicate ; hence the 

name. 
Pleu'ra (Gr. nXevpu, a nb\ A membrane covering the lung and lining 

the chest. There is one for each lung. 
Pleu'risy. An inflammation affecting the pleura. 
Pneu-mo-oas'tric (Gr. nvevfiuv, pneu^non, the lungs, and yaorjjp, gaster, 

the stomach ; it is the principal nerve of respiration. 
Pneu-mo'nia (Gr.). An inflammation aft'ectiig the air-cells of the lungs. 
Pres-by'o'pi-a (Gr. Trpea/Jvf, presbuSj old, and uxj;^ ops^ the eye). A de- 
fect of the accommodation of the eye, caused by the hardening of the 

crystalline lens ; the " far-sight " of adults and aged persons. 
Proc'ess (L. proce'doj proces'sttSj to proceed, to go forth). Any projection 

from a surface. Also, a method of performance ; a procedure. 
Pty'a-lin (Gr. irrvaXov, ptualon, saliva). The peculiar organic ingredient 

of the saliva. 
Pul'mo-na-ry (L. puVmOj pulmo'nis, the lungs). Pertaining to the lungs. 
Pulse (L. peVlo, puVsum, to beat). The striking of an artery against the 

finger, occasioned by the contraction of the heart, commonly felt at the 

wrist. 
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Pu'piL (L. pupil' la). The central, round opening in the iris, through 

which light passes into the depths of the eye. 
Py-lo'rus (L. TTvAwpof, puloros, a gate-keeper). The lower opening of 

the stomach, at the beginning of the small intestine. 
Re' FLEX Action. An involuntary action of the nervous system, by 

which an external impression conducted by a sensory nerve is reflected, 

or converted into a motor impulse. 
Res-pi-ra'tion (L. resfpirOt to breathe frequently). The function of 

breathing, comprising two acts : inspircUion, or breathing in, and 

expiration^ or breathing out. 
Ret' IN A (L. rc'te, a net). The innermost of the three tunics or coats of 

the eyeball, being an expansion of the optic nerve. 
Sac'cha-rine (L. sac'chanirrif sugar). Of the nature of sugar ; applied 

to the important group of food substances which embraces the diflierent 

varieties of sugar, starch, and gum. 
Sa-li'va (L.). The moisture or fluids of the month, secreted by the 

salivary glands, etc. 
Scle-rot'ic (Gr. (wcXjypof, skleros^ hard). The tough, fibrous outer tunic 

of the eyeball. 
Se-ba'ceous (L. se'bunij fat). Resembling fat ; the name of the oily 

secretion by which the skin is kept flexible and soft. 
Se-cre'tion (L. secer'nOf secre'tum, to separate). The process of separat- 
ing from the blood some essential important fluid ; which fluid is also 

called a secretion. 
Sem-i-cir'cu-lar Canals. A portion of the internal ear. 
Sen-sa'tion. The perception of an external impression by the nervous 

system ; a function of the brain. 
Sen-si-bil'i-ty, General. The power possessed by nearly all parts of 

the human body of recognizing the presence of foreign objects that 

come in contact with them. 
Se'rum (L. ). The watery constituent of the blood, which separates from 

the clot during the process of coagulation. 
Skel'e-ton (Gr. ). The bony framework of an animal, the diflerent parts 

of which are maintained in their proper relative positiona 
Spec'tro-scope (from spec'trum and oKonin, scopeo, to examine the spec- 
trum). An instrument employed in the examination of the spectrum 

of the sun or any other luminous body. 
Sphyg' MO-GRAPH (Gr. (T0v7/i6f, sphttgmoSt the pulse, and 7pa0cj, graphot 

to write). An ingenious instrument by means of which the pulse is 

delineated ypon paper. 
Sta'pes (L. ). Literally, a stiiTup ; one of the small bones of the tympa- 
num, or middle ear, resembling somevi\iait «. s\Airw^ in shape. 
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Sym-pa-thet'ic System of Nerves. A double chain of nervous gan- 
glia, connected together by numerous small nerves, situated chiefly in 
front of and on each side of the spinal column. 

Syn-o'via (Gr. avv, sun,' and Cmv^ ooti, egg, resembling an egg). The 
lubricating fluid of joints, so called because it resembles the white of 

egg. 
Sys'to-le (Gr. avariXXu, stistello, to contract). The contraction of the 

heart by which the blood is ex^)elled from that organ. 
Tac-tile (L. tac'tus, touch). Relating to the sense of touch. 
Tem'po-ral (L. tem'pu^j time, and teiti'})ora^ the temples). Pertaining to 

the temples ; the name of an artery : so called, because the hair begins 

to turn white with age in that portion of the scalp. 
Tbn'don (L. ten'dOf to stretch). The white, fibrous cord or band by 

which a muscle is attached to a bone ; a sinew. 
Tet'a-nus (Gr. rehD, teitiOj to stretch). A disease marked by persistent 

contractions of all or some of the voluntary muscles ; those of the jaw 

are sometimes solely affected, the disorder is then termed locked- 

jaw. 
Tho'rax (Gr. i^w/ja^, thorax, a breast-plate). The upjier cavity of the 

trunk of the body, containing the lungs, heart, etc. ; the chest. 
Thy'roid (Gr. '&vpe6^, thureos, a shield). The largest of the cartilages 

of .the larynx ; its angular projection in the front of the neck is called 

"Adam's apple." 
Tra'che-a (Gr. rpaxv^y trachuSy rough). The windpi]:)e, or the largest of 

the air-passages ; composed in part of cartilaginous rings, which render 

its surface rough and uneven. 
Trans-fu'sion (L. transficn' do, to pour from one vessel to another). The 

operation of injecting blood taken from one person into the veins of 

another ; other fluids than blood are sometimes used. 
Trich-i'na Spi-ra'lis (L. ). A minute species of parasite or worm, which 

infests the flesh of the hog, and which may be introduced into the 

human system by eating pork not thoroughly cooked. 
Tym'pa-num (Gr. rvfiiravov, tumpanoiiy a drum). The cavity of the mid- 
dle ear, resembling a drum in being closed by two membranes, and in 

having communication with the atmosphere. 
U'vu-La (L. uva^ a grape). The small pendulous body attached to the 

back part of the palate. 
Vas'cu-lar (L. vas'culum, a little vessel). 'Pertaining to, or containing 

blood-vessels. 
Ve'nous (L. ve'ruif a vein). Pertaining to, or contained within a vein. 
Ven-ti-la'tion. The introduction of fresh air into a room or building in 

such a manner as to keep the air within, it in a^ ^\rc^ ^qw^y'^tcu 
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Ven-tril'o-quism (L. ven^tevj the belly, and IcfquoTt to speak). A modi- 
fication of natural speech by which the voice is made to appear to come 
from a distance. The ancients supposed that the voice was formed in 
the belly ; hence the name. 

Ven'tri-cles of the heart. The two largest cavities of the heart, situ- 
ated at its apex or point 

Ver'te-bral Column (L. vei^'tebraf.A joint). The back-bone, consisting 
of twenty-six separate bones, called vertebrae, firmly jointed together ; 
also called the spinal column and spine. 

Ves'ti-bule. a portion of the internal ear, communicating with the 
semicircular canals and the cochlea ; so called from its fancied resem- 
blance to the vestibule or porch of a house. 

Vil'li (L. viVlus, the nap of cloth). Minute thread-like projections 
found upon the internal surface of the small intestine, giving it a vel- 
vety appearance. 

Vit're-ous (L. vi'trum^ glass). Having the appearance of glass ; applied 
to the humor occupying the largest part of the cavity of the eye-balL 

Viv-i-sec'tion (L. vi'vtcs, alive, and se'co^ to cut). The practice of operat- 
ing upon living animals, for the purpose of studying some physiological 
process. 

Vocal Cords. Two elastic bands or ridges situated in the larynx ; they 
are the essential parts of the organs of the voice. 
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BONES. 

What comparison is made between a bouse and the buman body ? 

What are the uses of the bones ? 

How are the brains and lungs protected V 

What can you tell about the size and shape of the bones ? 

Describe the structure of the bones ? 

Of what substances are the bones composed ? 

What is the effect of fire upon the bones ? 

What is the effect of removing the mineral ingredient ? 

Why do the bones of old people break more readily than those of 
the young? 

How are the bones adapted to the purposes they are designed to 
serve ? 

How many bones are there in the body ? 

What are they called when united ? 

What is the skull ? The chest ? The pelvis ? 

What do the two latter compose ? 

How are the skull and trunk kept in position ? 

How are the arms attached to the chect ? 

What do the skull, chest, and trunk each protect ? 

What is a joint ? 

By what are the movable joints connected ? 

Describe the ligaments ? 

Is an injury to them serious ? 

How are the joints enabled to move easily? 

Is the fluid about the joints self-supplied ? 

What is the spinal column ? 

How does it protect the brain from injury ? 

Do the bones change ? 

How can you prove it by experiments'? 
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What Ls tlie process for unitinpf broken bones ? 

Will the bone ever be as strong as before it was broken ? 

How do the bones change after a man is twenty-five ? 

How do children become bow-legged ? 

What habits of standing and sitting should be formed in youth ? 

MUSCLES. 

What are the muscles, and their use ? 
How many are there ? 
What are the tendons ? 
What is the largest tendon of the body ? 
Describe the structure of the muscles ? 
Into what two classes are they divided ? 
Is the heart a muscle ? 
What is muscular contraction ? 
Can a muscle remain long contracted ? 
In proportion to size is a horse as powerful as a man ? 
Are insects as powerful ? 
To what is strength in a great measure due ? 

Is exercise essential to the development of the muscles, and what is 
its effect upon the heart, skin, and brain? 
Should it be violent or excessive ? 
Is rest important after labor ? 
What effect does sleep have ? 
Do all persons require the same amount ? 
What effects follow an insufficient amount of sleep ? 

THE SKIN. 

What is the skin, and what is its use? 
What is its structure ? 
Describe the cuticle, or scarf skin ? 
What is the cutis, or true skin ? 
Can they be separated ? 
Does the skin change, and why ? 
What cAn you say about the nails ? 
What about the hair ? 
What causes the difference in comple^on? 
What are the sebaceous glanda"? 
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What are the perspiratory glands ? 

What is insensible perspiration ? 

What is sensible perspiration ? 

What can you say of the uses and importance of perspiration ? 

What experiments illustrate this ? 

Is it important to bathe often, and why ? 

Is it best to use perfumes or soap and water ? 

When is a cold bath best ? 

When a warm one ? 

What is the best time to bathe? 

Is a sun-bath beneficial ? 

What effect does the want of sunlight have upon plants ? 

Is it necessary to have warm clothing ? 

Why are cosmetics injurious ? 

Are hair dyes injurious? 

FOOD AND DRINK 

Why is there a necessity for food ? 

How long can man exist without food ? 

How long on water alone ? 

Does the quantity of food vary for different individuals ? 

What is the quantity for a healthy. man ? 

How often is the body renewed ? 

What does the tc^rra food include? 

How are the substances we use as food classified ? 

What are organic substances ? Inorganic ? 

What part of the body is water ? 

Where is it found ? 

Which can man remain without the longer, food or water ? 

What is the purest water in nature ? 

Is water from springs and wells pure ? 

How does lead affect water ? 

Are lead pipes injurious ? 

How is salt obtained ? 

How is the importance of salt shown ? 

What effect does the loss of salt have upon animals ? 

Mention the organic food substances. 

Where is fat most used as food ? 

What kind of food is most used in hot climates ? 

Are sugars producers of heat t 
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What is iho proportion of starch in breadstuffs ? 

Are these three food -groups essential to life ? 

Can an animal be starved on any one of these ? 

Will mUk sustain life ? Why ? 

What should be eaten with eggs, and Why ? 

Why should meats be eaten ? 

Is salted meats as nutritious as fresh ? Why ? 

What is the object of cooking ? 

How should you boil meat for food ? For soup ? 

What is the best method of cooking meat ? 

What is the effect of frying ? 

Should any form of pork be eaten raw ? 

What disease does raw pork often produce? 

Is fish easily digested ? 

Are all products of the vegetable kingdom useful ? 

What flour makes the best bread ? 

What form of bread is most easily digested t 

Is hot bread wholesome ? 

Is bread and butter a wholesome diet ? 

Is bread alone? 

What can you say of the potato ? 

Is ripe fruit beneficial ? Unripe ? 

Is coffee of use, and what effect has it ? 

Does it take the place of food ? 

What effect has tea ? Chocolate ? 

What is said of the origin of the word Alcohol ? 

From what was alcohol first made ? 

What is said of common alcohol, how and from what substances is 
it obtained? 

Describe its properties ? 

Is it nourishing when used as food ? 

Are rations of grog in the army or navy of service to the men ? 

Does alcohol relieve thirst ? 

How do alcoholic drinks seem to quench thirst ? 

What effects produced by its use are observed after death ? 

Does alcohol enable those who use it to bear cold better than those 
who abstain from it ? 

What is the result of the tests by the thermometer ? 

How do persons who use it seem to be warmer ? 

How do you know that this impression is a delusion ? 
What 18 the cause of the ftv\8\i\i\g ol W\e fa^e common to hard 
■inkers ? 
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Is death hastened in cold regions by the use of alcohol ? 
Give instances where the experiment has been tried ? 
Is alcohol hostile to life ? 

Give instances where it is fatal to plants and animals ? 
How can it be used with benefit to man *t 



DIGESTION. 

Through what changes must food pass to nourish the body ? 

What is the alimentary canal, and what is its use ? 

What is mastication ? 

Describe the teeth, and their uses ? 

How many have children ? Adults ? 

What are their immes? 

How do the teeth of animals differ ? 

How must you take care of the teeth ? 

What is tartar, and how can you prevent it ? 

Is enamel, when destroyed, ever formed anew? 

What is the use of the saliva ? 

How is It secreted ? 

Does rapid eating interfere with digestion ? How ? 

How does the food get into the stomach ? 

How many openings has the stomach ? 

What are their names and uses? 

What is the gastric juice? What is its use? 

How IS it furnished ? 

Of what use is the muscular coat ? 

How have the workings of the stomach of a man been seen? 

Is the food entirely digested in the stomach ? 

Describe the process. 

What are the intestines ? 

How do they assist digestion ? 

What is the bile ? The pancreatic juice ? 

What are their uses? 

What is the intestinal juice ? 

How is absorption accomplished ? 

What are the lacteals, and their uses ? 

What length of time is required for the digestion of food? 

What kinds of food are most easily digested ? 

What is the effect of ice water up(m the stomach? 

Does strong emotion check digestion ? 
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What other causes afiect it ? 
Is it best to eat often ? 

How does exercise directly after eatinjif affect digestion? Should 
you sleep directly after eating? 

What are the effects of alcohol upon the stomach ? 
How are other organs affected by it ? 

CrRCULATION OP BI.OOD. 

Is blood important to the body? 
What is the total quantity in the body ? 
What is the color ? The odor ? 
How does the blood appear under the microscope ? 
What are the blood corpuscles ? 
How many are there in a cubic inch of blood ? 
How does the blood look after standing exposed ? 
How does coagulation prevent death ? 
What is the use of the blood ? 

How and for what reason does the blood change its co^or ? 
Is the blood in motion ? 

By whom was the circulation of the blood discovered ? 
Of what use is the heart ? Where situated ? 
Describe it. 

How many cavities has it? What are they? 
Which side carries the venous and which the arterial blood ? 
Are its movements voluntary ? 
In what does its action consist ? 
Trace the passage of the blood through the heart ? 
What is the general direction of the heart-currents ? 
Describe the action of the ventricles and auricles? 
What are the heart-beats? 
How many in a minute for an adult ? 
What are the causes which increase or diminish its action ? 
What influence have mental emotions ? 
Do they ever cause death ? 

What is the amount of blood moved in one minute ? In a lifetime ? 
What are the arteries ? Describe them. 
Are they full or empty after death ? 
Describe the arterial system. 
What is the pulse, and where can you feel it ? 
How 18 the pulse an index ol heaVtVi ot svOMkefift"^ 
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What are the veins, and what their size ? 

How do you distinguish them from the arteries ? 

How do you prove that the direction of venous blood is towards the 
heart ? 

Which are nearest the surface, the veins or arteries ? 

What are the capillaries, and their use ? 

Describe the circulation of blood iu a frog's foot. 

Is the supply of capillaries abundant in all parts of the body ? 

To what is the blood-shot app3aranc8 of the eye due when irritated ? 

How do you prove that the blood moves with great rapidity ? 

In what time does the blood make a complete round of the circula- 
tion? 

By what are supplies furnished to the different parts of the body ? 

What is assimilation ? The most favorable time for it ? 

Which is more dangerous, haemorrhage from an artery or a veih ? 

How can it be stopped in each ? 

What is the effect of alcohol upon the heart ? 

Does it increase strength ? 

What was the result of Dr. Parke's experiments ? 

Does alcohol increase flesh ? 

What is the fat which is accumulated by drinking ? 

What is its effect upon the blood ? 

RESPIRATION. 

What is the object of respiration ? 
What are the special organs of respiration ? 
How many are they, and where situated ? 
Describe the substance of the lungs. 
What is the pleura, and its use ? 
How is it attaclied, and how is it kept moist ? 
How do the lungs communicate with the external air? What is 
the longest tube ? 
How is this tube divided in the chest ? 
What are the bronchial tubes ? 
Are these tubes flexible ? How strengthened ? 
Where is the larynx situated ? 
What is it, and what its use ? 

What covers the top of the larynx, and what is its use ? 
What is the effect if food passes into the larynx ? 
What keeps the air passages moist *{ 
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• 

What is inspiration ? What is expiration ? 

What effect lias inspiration on the chest ? 

What is the diaphrag^iu, and its special power ? 

How does the diaphragm assist in expiration ? 

How often do we breathe ? 

How long can you hold your breath ? 

If necessary, how can you make the time longer? 

Is air a simple element ? How is it formed ? 

Are these gases alike ? 

Can air be breathed a second time? 

What effect has impure air upon animals ? Upon light ? 

What is the gas that the lungs exhale ? 
. What is the vapor given off by the lungs ? 

What change takes place in the passage of the blood through the 
lungs? 

How do you prove that this change is dependent upon respiratiou ? 

What gas is the food for the blood ? 

What causes suffocation ? 

By what are the air and blood separated ? 

How do the two gases exchange places ? 

Does the temperature of the blood -vary ? 

How often do we breathe in a minute ? 

How many cubic inches of air pass in and out of the lungs with 
every breath? 

What do bad odors indicate, and against what do they guard us ? 

Is man's breath impure? 

What care should people take who nurse the sick ? 

What effect do filters of cotton wool have ? 

How is carbonic acid produced in our houses t 

What effect does impure air have ? 

Does it produce consumption ? 

Does impure air affect animals ? Give instances. 

How does nature purify the air ? 

How shall we ventilate our houses ? 

What is the temperature of the human body ? 

How is it regulated ? 

THE NERVOUS SYSTEM. 

What name is given to the Cu,ncti,ons of digestion, circulation, and 
respiration ? Why bo called ? 
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What lias tlin animal in addition ? 

If a hydra be cut in pieces, what properties has each piece? 

Of what is the nervous tissue composed ? 

When the tissue is examined under the microscope, what do you 
find? 

Which substance predominates ? 

What part of the nervous system is concerned in the animal func- 
tions ? 

What is the otlier set of or^ns called ? 

What is the brain ? What is its shape ? 

How many parts, and what are they ? 

How is the brain protected ? 

How mucii blood is sent to the brain ? 

What is the cerebrum ? How divided ? 

How is the surface divided ? 

What is the true source of nervous power ? 

What is the cerebellum ? 

What is the medulla oblongata ? 

What are the cranial nerves, and how many of them are there ? 

Describe the spinal cord. 

Is this an important part ot the system ? 

Where do the spinal nerves originate ? 
How are these nerves hardened and strengthened ? 

Is there a difference in • the sensations communicated by different 
nerves ? Example. 

Describe the sympathetic system ? 

What is the difference in the uses of the gray and white substances ? 

Of what two functions of the system are the nerves the instruments? 

How do you prove that there are two sets of fibres in the nerves ? 

Can a limb be injured so that it will retain motion and lose sensa- 
tion? 

What columns of the spinal cord are concerned in motion and sen- 
sation ? 

Is the spinal cord the true centre of sensation ? 

If one lateral half of the spinal cord be injured, what fact is ob- 
served ? 

What course do the motor fibres pursue ? 

What the sensory fibres ? 

What is the reflex action of the cord ? 

What are the uses of that action ? 

What reflex motions take place in certain involuntary m.ueclea'*. 

What are the objects of reflex, action 1 
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What are the functions of the medullu oblongata? 

Of the cerebellum? 

Of the cerebrum? 

Do great men possess large brains? 

What mental acts are developed through the action of the brain ? 

What are the effects of alcohol upon the brain ? 

What are its effects en the mind ? 

What is its effect upon the will ? 

Is this habit once formed hard to break? 

What is the effect of drunkenness uj:ou man ? 

What was proved, by the labors of Father Matthew, with regard to 
the advantages of temperance ? , 

What are the poisonous effects of alcohol upon man ? 

What is its effect as a stimulant ? 

Describe tobacco ? 

What use is made of it ? 

What effect has it upon the young ? 

How is it hurtful to adults ? 

What are the effects of its limited use ? 

What of its prolonged use ? 

What is the testimony of the naval and military academies as to its 
effects upon the young men? 

What have been the advantaj^es of its prohibition ? 

How is cigarette smoking particularly injurious ? 

How is snuff taking injurious ? 

To what substances is the term narcotic applied ? 

W^hich are next in importance to alcohol ? 

What is opium ? 

What is its active principle ? 

What are the effects of this principle upon the system? 

What is its use ? 

What danger to be feared from the use of Dover's Powders, Sooth 
ing Sjrups, etc.? 

What is the effect of the habitual use of opium? 

From wiiat is chloral hydrate produced ? 

What are its effects, and the danger of its use? 

W^hat is Hasheesh? 

For what is it used ? 

What is chloroform ? 

For what is it used ? 
What are its dangers ? 
Ought narcotics to be used without piopei Tut^caV «Atvr»\ 
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THE SFECIAIi SENSES. 

Where is the true centre of seusation ? 

Does the mind receive impressions at that point, or to what points 
are they referred ? 

What faculty of the brain is necessary to complete a sensation ? 

Do you receive sensations when asleep ? 

Have all animals sensibility ? 

Has man more or less than animals ? 

What is the lowest form of sensation ? 

The highest form ? 

How are sensations modified by use ? 

What is general insensibility ? 

What is the most painful part of a surgical operation ? Why ? 

Are all impressions received from without ? 

What is pain ? 

What is the difference between sensibility and pain, as illustrated 
by the effect of sunlight ? 

What are the uses of pain ? 

What are the special senses ? 

Are special organs furnished? 

Can the eye hear or the ear see ? 

What other sense do some writers give us ? 

Where do you find the sense of touch most developed ? 

What is the office of the cuticle, as illustrated by the hand ? 

Does the sense of touch assist other senses ? 

How do you illustrate it ? 

Which sense is least liable to error ? 

How do you illustrate the delicacy of touch ? 

Is it acquired by practice ? 

What can you say of the sensations of temperature and weight ? 

What is the organ of taste ? 

Tell how it receives sensations. 

What nerve at the back of the tongue ? 

What conditions are necessary to the sense of taste ? 

Do all parts of the tongue perceive equally the same flavors ? 

Does the sense of taste affect internal organs ? 

Is taste a simple sense ? 

Upon what other sense is taste dependent ? Dlustrate it. 

What Is the use of taste ? 
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Are articles that gratify the taste of a child generally wholesome? 
Where is the sense of smell located ? • 
What nerves endow the nose with sensibility ? 
Wliat are the uses of smell V 
Does it aid us in the choice of food ? 
What is the sense of sight ? 

Does Bight bring us into contact with the bodies exaniined? 
What gives this sense its wide range ? 
What is the undulatory theory ? 

What is that part of the eye sensitive to the waves of light ? 
Has science done anything to prevent blindness ? 
Does the loss of one eye impair sight ? 
How is the eyeball protected from injury ? 
What use are the eye^ds? 
What is the conjunctiva, and its uses ? 
What are the uses of the sebaceous glands ? 
Where is the lachrymal gland situated ? 
What is the use of it ? 
By what duct are the tears carried off? 
What is the use in moistening the eye by tears ? 
What is the shape of the eyeball? 
Of what is it composed ? 
Name the three coats of the eyeball. 
Describe them. 

What is the iris, and of what use is it ? 
Does it regulate the admission of light ? 
What is the retina? 

Are impressions made upon it at once lost ? Give examples. 
What is color blindness? 
What is the crystalline lens ? 
What is cataract ? 

What are the uses of the crystalline lens ? 

As the image upon the retina is inverted, how do we see objects in 
their true position ? 
What is the cause of short sight ? Of long sight ? 
Has the eye the capacity of adjusting itself to distances? 
How is the eye affected by old age ? 
What is sound ? How is it propagated ? 
Is the earth a good conductor of sound ? 
Upon what does the pitch of the sounds depend ? 
Into what three portions is the ear divided *i 



QUESTIONS. 22S 

Of what two parts is the external car composed ? 

Describe the auditory canal. 

Of what use is ear-wax ? 

What is the middle ear? 

What is the menibrana tympani? 

What is the eustachian tube ? 

Where is the auditory nerve found ? 

What is the most essential part of the organ of hearing? 

Of how many parts does the labyrintli consist ? 

What is ear-sand ? 

How many nerves have been counted in the cochlea ? 

How is sound conveyed to the brain ? 

Does cold water injure the ear ? 

Is cold air hurtful to the ear ? 

What effect upon the ear do solid substances have ? 

How can you remove foreign objects from the ear ? 

THE VOICE. 

How are the sounds which animals make produced ? Of insects ? 
What is the difference between the speech of paiTOts and men ? 
Is speech related to hearing? 
Why is a child born deaf also dumb ? 
What is the essential organ of the voice ? 
Where is it situated, and of what composed ? 
Give th(; names of the cartilages. 
With what is the larynx lined ? 

To what is the epiglottis attached ? What is its oflBce ? 
What are the vocal coi*ds ? Describe them. 
If one or both cords are injured, what is the effect ? 
In ordinary breathing, is any sound produced ? 
What enables us to recognize a person by his speech ? 
Are the teeth, lips, and tongue important in speech ? 
How many varieties of voice are there ? What are they ? 
When does the voice change? 
What change is there in the larynx ? 
. What is the ordinary range of the voice ? 
Can the vocal organs be trained? What is the effect? 
What is ventrilo<iuism ? 

What are the mysterious responses of the ancient oracles thought 
to have been ? 



\ . •« . 



13mo. 
A 

A 

pages, 

A 

audP 

A 

prisinji 
trinci 
of Fre 

A 

SecoDJ 
teache 

A 

Transl 
Vocab 
Storiei 
12mo. 



a 

tique 
Ecoles 
moder 
vol., 3« 



K 

States 
Annap 
nearly 
Scliool 



. 'T-^ T3.TV T rS. T T . 



n 



i^N-TT- 



/-V 



LANE MEDICAL LIBRARY 



To avoid fine, this book should be returned 
on or before the date last stamped below. 



I pages, 

mo. 
r. 524 

j^ical 

; com- 
of the 
> Study 
!mo. 

Part 

. (FOK 

Isesfbr 

es and 

Short 

1 vol.. 



naly- 

ige oea 

^ ivrages 

ise. 1 



[Jnited 
Ichoo], 
md in 
.High 
mchia 



taught. -^isu in most oi the principal Female Colleges and Ladies' 
Schools of the country. 

CLABK & MATNABD, Publishers^ 



Anderson's Historical Series. 



Tie Hutchison. J. C. 13915 .•",'■' 
»^ij H96 The laws of health 



t"^=d NAME 


,.,T. .„. ■ " 


ssrted 


irn In- 
binent 


with a 


Irated 


A 


Is en. 


IZ^ """■" "" " 




484 pp ■ ■■■■ - ■ ' 




Anciea 


Olorrfi 


300 pp _ 


M'^ 


A S 


■ ^M 


try at d 


- 


AS( 






^. 




jf 


ASc 


d^b 



\ 

1 




